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THE ENDOGENOUS PHASES OF THE LIFE CYCLES OF EIMERIA 
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Experimental work in parasitology, as in many other fields of bio-
logical endeavor, can be done effectively and judiciously only after the 
complete life histories of the organisms involved have been discovered. 
Although the knowledge derived from studying the life cycle may assist 
but little in direct control of a parasite, the fundamental information thus 
derived is essential for intelligent experimentation on the best method of 
control. The rat is a laboratory animal that is well adapted in many ways 
for experimental work in coccidiosis. Furthermore, it harbors three 
species of coccidian parasites, whose endogenous cycles have never been 
delineated. An accurate comparative account of these cycles should con-
stitute an important basic contribution to a program for the study of host-
parasite relationships in coccidiosis. 
For these reasons a study of the life cycles of the three coccidian para-
sites of the rat was undertaken. 
IIlSTORICAL 
Schaudinn (1900) was the first worker to elucidate the entire life his-
tory of a coccidium of the genus Eimeria. His work was an important step 
forward in the study of the coccidia, but was actually not complete in the 
light of what has since been uncovered concerning the histories of these 
parasites. Tyzzer (1929), and Tyzzer, Theiler and Jones (1932) have 
published most complete and understandable studies on the Eimeria of 
gallinaceous birds. 
Dieben (1924) made some observations on the life cycle of a rat 
coccidium, Eimeria nieschulzi, which he was describing. 
The contributions of Tyzzer, and Tyzzer, Theiler and Jones are stimu-
lating and suggestive for the investigation of other species of Eimeria, but 
since their work was done on several species from the chicken it is felt 
that in the present instance there is no necessity to make close compari-
sons between the developmental cycles in the two hosts. The fact that dif-
ferent hosts are involved is sufficient to necessitate individualization of 
data. 
1 A thesis submitted to the Graduate Faculty of Iowa State College in partial 
fulfillment of requirements for the degree of Doctor of Philosophy. Original thesis 
submitted June, 1936. 
• The author wishes to thank Dr. E. R. Becker for his suggestion of the problem, 
for his continued encouragement, and for his advice and criticism during the entirety 
of the work. Without his guidance the solution of the problem would have been all 
but impossible. 
This study was in cooperation with Industrial Science Project No. 40. 
[135] 
136 ROBERT LEE ROUDABUSH 
MATERIALS AND METIIODS 
All three of the known Eimeria of the rat were employed in this 
study. Each formed the basis for a distinct portion of the experimenta-
tion. No attempt was made to have all of the host animals from the same 
strain, since it was felt that the strain of rat would have little or no effect 
on the cycle of the parasite. It was known, however, that the rats had not 
been infected previous to the experimental infection. This precaution was 
necessary in order that no so-called "hold-over" infection could be pres-
ent, and so that the animal would not be infected, experimentally, with 
less than the maximum number of parasites. 
Infection, in most cases, was accomplished by injecting into the stom-
ach, through a rubber catheter, a known number of sporulated oocysts. 
The number of oocysts given each rat varied with the length of time the 
host was required to live. For example, a much larger dose was given to 
animals intended to be killed on the first day of infection than those in-
tended to be used for study on subsequent days. This gradation in infec-
tive dose was made to insure, first, that the animal survived until the 
correct time, and second, that the infection was as heavy as possible in 
order to facilitate the study. 
The oocysts used in the present work were derived from various 
sources. The oocysts of Eimeria nieschulzi were the progeny of the strain 
inbred by Hall (1934) ; oocysts of Eimeria miyairii were derived from the 
culture sent to Dr. E. R. Becker by Dr. A. C. Chandler; the Eimeria 
separata oocysts were collected by the author. 
Material for study was secured from rats at 24-hour intervals and 
when necessary at intervals less than 24 hours. From each rat, five pieces 
of intestine were collected. These portions were taken from the upper 
small intestine, middle small intestine, lower small intestine, caecum and 
colon. The tissues were fixed in Zenker's, dehydrated, sectioned and 
stained with Goldhorn's polychrome methylene blue and eosin. Other 
stains were used, but, for the most of the work, it was found that the stain 
mentioned was the most useful. 
At the same time that the tissues were fixed, living material was 
studied from the various levels of the intestine and smears were made 
from those portions of the intestine which showed parasites. In the case 
of early infections, smears were made not at levels where parasites were 
found, but at levels where experience showed the infection could be ex-
pected. This was done because some of the earliest stages in the life 
history were not observed in living condition. The smears obtained were 
fixed in Schaudinn's and stained with iron haemotoxylin and, in some 
cases, with Goldhorn's polychrome methylene blue and eosin. 
Study of the microgametes were made using smears similar to those 
just described and also with two other types of preparations. The first of 
these were made by placing a drop of blood from the host on a clean slide 
and hurriedly smearing it with a piece of the intestine in which living 
gametes had been found. The slides were then dried and stained with 
Wright's blood stain in the usual manner. These preparations served to 
show the flagella to a distinct advantage. The second method consisted of 
mixing a little of the intestinal contents on a slide in a drop of two per cent 
aqueous Congo red. This drop was spread on the slide and allowed to dry. 
When thoroughly dry it was placed in 95 per cent ethyl alcohol to which 
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several drops of hydrochloric acid had been added. This procedure stains 
the background black, while the flagella and body stand out as white 
objects on the black background. 
Since the greatest difficulty presented by the study of the life cycles 
was the finding and identifying of various generations of merozoites, it 
may be well to explain the method employed. 
Stained smears were studied and each type of merozoite found was 
drawn with the aid of a camera lucida. This study was made for each 
interval of time and for every rat infected. The resultant figures were 
all laid side by side and each merozoite from each rat matched with similar 
merozoites from other rats; for example, if four distinct types of mero-
zoites were found on the fourth day, three on the third, and two on the 
second, the similar merozoites found on the fourth, third and second days 
were all placed together, thus indicating a single type or generation. By 
this process of elimination the first type of merozoite to appear was dis-
covered and designated the first generation, the second type derived was 
called the second generation, until all possible types had been found. At 
the same time it was noted on what day each new type was first discov-
ered, and thus it was found when each new generation appeared in the 
lumen of the intestine. The data accumulated were checked with the sec-
tions of the intestine. Specimens of each generation, on smears, were then 
drawn and measured to obtain the mean and range in size. 
The number of merozoites in each group was obtained by counting 
the number of nuclei present only after the merozoites had been fully 
formed. This was useful especially when more than one section had to be 
examined to get the complete number in one group, because it prevented 
duplication in count as it was not likely that the same nucleus could oc-
cur on more than one section. 
NOMENCLATURE 
The first authentic description of a coccidium from the rat, Eimeria 
miyairii, was by Ohira (1912). Since this article is not available in Eng-
lish, previous workers were guided in determining species entirely by 
Fukuhara's brief German abstract, and by the fact that Perard (1926) ac-
cepted the above name for the parasite with which he worked. Recently 
the author obtained a photostatic copy of parts of the original paper by 
Ohira and, by comparing the figures with the material used in the present 
study, found that the coccidium previously considered to be E. miyairii 
was not that described by Ohira. A comparison of the macrogametocytes 
of the parasite described by Ohira with the macromagetocytes of Pinto's 
(1928) E. carinii reveals that they are the same. Therefore, the coccidium 
discussed by Becker (1934) as E. carinii is actually E. miyairii. This cor-
rection leaves for the parasite considered by Becker (1934) to be E. 
miyairii the name E. nieschulzi Dieben (1924), the correct appellation ac-
cording to the rules of nomenclature. 
It should be mentioned that Becker and others in several papers 
(1932, 1934) noted the possibility that the names used were the incorrect 
ones. 
The correction made does not change the status of Eimeria separata 
Becker and Hall (1931), which remains valid as described. 
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Eimeria halli Yakimoff (1935) remains an uncertain species since the 
measurements are conflicting with the species mentioned in the foregoing 
paragraphs. The method used in procuring the material and the lack of 
experimental data, also, should cause some doubt as to its validity. 
EXPERIMENTAL 
ENDOGENOUS CYCLE OF EIMERIA NIESCHULZI 
Eimeria nieschulzi Dieben (1924) is a parasite of the epithelium of 
the small intestine of the rat. The infections of this species are heaviest in 
the middle of the small intestine. The epithelial cells most affected are 
found along the base of the villi and in the glands, but usually not as far as 
the fundus of the gland. In several cases, however, schizonts were found 
at the base of the glands and even in the Paneth cells. The position of the 
schizonts is generally toward the distal end of the cell, but variation has 
been found in all of the generations of schizonts. The macrogametocytes 
are found, in the vast majority of cases, toward the proximal end of the 
parasitized cell. 
Dieben, in the description of E. nieschulzi, reports the prepatent 
period to be eight days, while Becker and Hall (1931) find it to be seven 
days. The latter is in accordance with the author's findings. 
Dieben states that the parasite is found in the small intestine and also 
in the caecum. Since the present worker has been unable to find phases 
of the life history of this parasite in the caecum it is supposed that Dieben 
was working with a mixed culture of both E. nieschulzi and E. separata, 
the latter being the form found in the caecum. However, since the ma-
jority of forms described by Dieben compare with those found to be parts 
of the cycle of E. nieschulzi, we are considering the form from the small 
intestine to be the parasite described by that author. 
Becker (1934) gives the location of the coccidium under considera-
tion as being in the small intestine, caecum and colon, and gives the pres-
ent author credit for the information. The information given was intended 
only for the other two species in the rat. 
Since the purpose of this work was to study the endogenous phases 
of the life cycle, the description will necessarily begin with the sporozoite 
after excystation in the intestine. Time, when mentioned, is the shortest 
period obtained, since the minimum time is the time desired in this type 
of life history survey. 
From three to four hours after infecting a rat with E. nieschulzi the 
sporozoites may be found in the lumen of the small intestine. These sporo-
zoites may remain in the intestine in infective condition as long as four 
days. This statement may be substantiated by the fact that smears, made 
four days after a single infection, showed sporozoites in the lumen of the 
small intestine. Moreover, tissue from this rat showed very young first 
generation schizonts in some of the cells. Thus, it is shown that a single 
infection per os actually means a continued infection for four days when 
the actual entrance of the sporozoite into a cell is considered. The con-
tinuous infection for four days accounts for the fact that the patent period 
is generally four days in length. Hall (1934) found, however, that in ap-
proximately 50 per cent of the infections carried on by her the patent 
period was five days in duration. Since the patent period is calculated 
from the appearance and disappearance of oocysts in the feces, it must 
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be understood that it takes some time for the oocysts to be eliminated 
from the body. This time would be a factor in the apparent lengthening 
of the patent period. Further, sporozoites may, possibly, live in some rats 
longer than four days, since they were present, at that time, in numbers 
great enough to allow them to be found on smears. A carmine suspension 
fed to rats with a stomach tube was not totally eliminated until slightly 
less than four days after feeding. (Pellets, taken at six-honr intervals, 
and mashed in 70 per cent alcohol gave a red tinge to the alcohol until 
almost the fourth day.) It is believed that motile sporozoites could re-
main in the intestine slightly longer than inert particles of carmine. 
Hall (1934) suggests that the increased length of oocyst elimination 
with increase of the size of the infective dose might be because the greater 
number of oocysts being passed allowed them to be found later than 
usually. This may be a factor, but it is not the entire explanation. In the 
light of the above discussion it is believed that the greater the number 
of sporozoites present the greater the chance that some of them might not 
contact a suitable host cell until a relatively late time, thus the patent 
period would be lengthened. Subsequent generations of merozoites also 
may have difficulty in reaching host cells, and thus lengthen the cycle. 
The continued infection caused by the entrance of sporozoites over 
a period of time necessarily causes some complication in the life history. 
It has been shown that the cycle is beginning and ending over a period of 
approximately four days. Also, each generation of merozoites may be ex-
pected to be found on a similar period of four days. This shows that on 
any single day several generations of merozoites may be present. The 
method of separating and identifying these generations has already been 
discussed. 
Because the prepatent period is seven days, it should be noted that 
the oocysts must leave the tissues at approximately six and one-half days 
in order to get to the outside on the seventh day. Therefore, the time for 
minimum endogenous development is six and one-half days, 'but the pre-
patent period ends at the time the oocysts appear in the feces. Thus it is 
shown that the endogenous development does not end with the prepatent 
period. However, since it is the latter from which calculations have been 
made by other workers, it is considered that the seventh day, or the time 
when the oocysts first appear in the feces, is the termination of the cycle. 
For the period actually spent in the tissues, the name endogenous period 
is suggested in order to distinguish it from the prepatent period. 
Sporozoites of E. nieschulzi when excysted range in length from 
9.9-12.15µ., the mean length being 11.33µ.. Width, at the nucleus, varies 
from 1.15-2.25µ., with a mean of 1.8µ.. When stained with iron haematoxy-
lin the nucleus shows a well-defined central karyosome with a very light 
staining nuclear wall. The sporozoite contains two globules which are ex-
tremely siderophilic; the anterior one being circular in outline, the pos-
terior being elongate oval. These globules, when stained with Goldhorn's 
polychrome methylene blue and eosin, take an intense red color. One· 
sporozoite was found in which the posterior globule was divided in two, 
each part being circular in outline. This particular specimen had a rather 
peculiar nuclear structure, the chromatin being divided in three pieces, 
giving them the appearance of chromosomes. Since no other similar 
specimen was found it is considered that it was not a normal condition. 
(Pl. I, Figs. 1-2.) . 
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The sporozoite, after entering the host cell, forms the first generation 
schizont. This schizont may be distinguished from later generations by 
the presence of a large refractile globule. The two globules of the sporo-
zoite evidently unite after the sporozoite has entered the cell, thus giving 
rise to the characteristic globule. Like the two from which it is derived, 
the globule of the schizont stains intensely red with eosin. The eosino-
philic mass may be seen almost up to the time the merozoites are com-
pletely formed, but at some time before actual maturity of the merozoites 
it disappears. As long as the globule can be seen it is surrounded by the 
residual mass of the schizont. The first schizogony is complete at about 
36 hours, and from the first schizont 20-36 merozoites are formed. ( Pl. I, 
Figs. 3-4.) 
The merozoites formed are known as the first generation merozoites 
and have a range in length from 6.75-9.9µ, mean length being 8.59tt. They 
vary in width from l.35-l.98tt, mean being l.64tt. When seen on smears 
stained with iron haematoxylin these merozoites have a granular cyto-
plasm; the majority of them show a rather deeply stained anterior end. 
Tissues stained with polychrome methylene blue and eosin show these 
merozoites with two small eosinophilic globules-one anterior and one 
posterior to the nucleus. These globules are so strikingly similar to the 
globule of the sporozoite that one is led to think that they are made of 
the same material-perhaps these are derived from those of the sporo-
zoite. Study, however, fails to find any trace of them on the smears 
stained with iron haemotoxylin, so it is believed that they must be de-
rived from some other source. (Pl. I, Figs. 5-7.) 
First generation merozoites, after breaking out of the host cell, mi-
grate to and enter other intestinal cells. Here form the second generation 
schizonts. This schizont is characterized by having the red globules of the 
first generation merozoite imbedded in its cytoplasm. Both globules may 
sometimes be seen; at other times, only one; and some instances have 
been noted where neither is to be seen. The latter case may be because of 
the manner in which the section had been cut. The second schizont ma-
tures in about 48 hours after infection and gives rise to 10-14 second gen-
eration merozoites, which have a length of 12.6-16.2/L, mean 14.36tt, and a 
width varying from 0.9-l.4tt, average being l.24tt. With iron haematoxylin 
they show a granular cytoplasm which stains relatively lightly in the 
region around the nucleus. Some groups of merozoites, evidently be-
longing to this same generation, when seen in sectioned material, showed 
an eosinophilic mass near the posterior end. Only a few of these, however. 
have been seen. (Pl. I, Figs. 8-11.) 
Third generation schizonts are initiated when the second generation 
merozoites enter the epithelial cells. So far as can be determined no dis-
tinguishing morphological feature is present in this schizont which would 
differentiate it from the early fourth generation. The time of its appear-
ance may assist in identifying it only in material in which it is certain the 
fourth generation has not as yet begun. The difference in the number of 
nuclei present in the older fourth generation schizont is a feature which 
is not of much assistance. Third generation schizonts give rise to 8-20 
merozoites which break out of the cells on the third day. These mero-
zoites range in length from 17.1-21.6tt, the mean length being 19.08tt; in 
width from l.0-1.35tt, with a mean of l.19tt. These merozoites are gener-
ally the first noted in living material and on smears because of their size. 
COCCIDIAN PARASITES OF THE RAT 141 
They are characteristically bent and usually are seen shaped like a U or a 
J; this, however, is not true of all specimens as some are straight. In the 
anterior end of each merozoite of the third generation there is a densely 
granular portion. There are also, in the anterior portion, along the median 
line, several larger granules-usually three in number. These features, 
along with size, assist in separating the third from the second generation. 
(Pl. II, Figs. 1-2.) 
Fourth generation schizonts, formed by third generation merozoites, 
possess, in their later development, more nuclei than any other generation. 
The fourth generation schizont gives rise to merozoites on the fourth day 
of the infection. These merozoites, from 36-60 in number, have a length 
range of 4.5-6.7µ., average being 5.5µ.. Width varies from 1.0-1.8µ., with a 
mean of 1.35µ.. Size alone is a characterizing feature of this generation of 
merozoites. It should be mentioned that in the author's material these 
schizonts appeared on sections rather infrequently. Discussion of this 
point will be deferred until later. (Pl. II, Figs. 3-6.) 
TABLE 1. Eimeria nieschulzi. Data. concerning the asexual phases 
Merozoites 
Sporozoite 1st 2nd 3rd 4th 
generation generation generation generation 
Range 9.9-12.15,u 6.75-9.9,u 12.6-16.2,u 17.1-21.6.u 4.5-6.7,u 
Length 
Mean 11.33,u 8.59,u 14.36,u 19.08,u 5.5.u 
Range 1.15-2.25,u 1.35-1.98,u 0.9- 1.4.u 1.0-1.35,u 1.0- 1.8,u 
Width 
Mean 1.80,u 1.64.u 1.24.u 1.19,u 1.35.u 
Range 20-36 10-14 8-20 36-60 
Number in 
one schizont 
Mean 26 12 15 50 
Time of ma- 1.5 days 2 days 3 days 4 days 
tu ring 
Gamete formation begins when the fourth generation merozoites 
enter host cells. The young gametocytes may first be noticed at about 
five and one-half days but cannot be identified until some time later be-
cause the distinction depends upon the division of the nucleus of the 
microgametocyte. Each young gametocyte consists of a central mass of 
chromatin around which appears a crescentic area which seems to be 
filled with a fluid-at least granules are not found in that area. Surround-
ing this area is a region of rather densely granular cytoplasm which ex-
tends to the cell wall. 
The nucleus of the microgametocyte undergoes a number of divisions, 
during which time the cyptoplasm increases in volume. These nuclei, 
which are formed from the division, later migrate to the periphery of the 
gametocyte. During and after the migration to the surface the chromatin 
masses which have, up to this time, been circular in outline, begin to 
elongate and become roughly triangular in shape. This shape changes, 
and when the gametes are mature they have a general outline similar to 
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that of a comma. When found on smears of intestinal contents their shapes 
vary considerably, depending upon the position they assumed at the time 
of fixation. The preparations described under the section on materials 
and methods, along with some observations on living material, serve nicely 
to show flagella. The measurements were made from specimens on smears 
stained with Wright's. This fact is important because the size is probably 
influenced by the fact that they were allowed to dry. 
The microgametes typically have two flagella which arise at the an-
terior end of the body. At the base of the flagella in a few specimens 
stained with iron haematoxylin a small, round, dark body was observed. 
This object, seen also by Dieben (1924), the author considers to be a 
blepheroplast. The remainder of the body of the gamete appeared in the 
majority of cases to be, for the most part, homogeneous. The body proper 
of the microgametes had a mean length of 4.38µ. and a width of 0.61µ.; the 
flagella averaged 9.18µ. in length. (Pl. II, Figs. 7-10.) 
The macrogametocytes of Eimeria nieschulzi occur in the same locality 
in the intestine as the asexual phases of the cycle. However, the macro-
gametocytes are usually found in the proximal end of the epithelial cells 
which they infect. The parasitized cells in infections with this species 
have never been found pushed out of the epithelial layer except when 
they contain the mature oocyst, and double infections with macrogameto-
cytes have never been encountered. These are specific characters. (Pl. II, 
Figs. 11-12.) 
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It was not deemed essential to try to measure the macrogametocytes 
because age would cause so much variation in size and because they can 
be measured more nearly correct after they leave the animal as oocysts. 
The oocyst wall begins to form early in the development of the macro-
gametocyte and since the construction of the wall is interesting, it is out-
lined in the following paragraph. The first change to take place in the 
development of the oocyst wall is the formation of some granules in a 
circle around the nucleus. The first granules to develop are compara-
tively large and stain a dull red with eosin. The second are much smaller 
and stain an intense blue with methylene blue. The former granules are 
termed plastic granules; and the latter, haematoxylinophilic granules after 
Hosoda (1928). As the macrogametocyte grows older the plastic gran-
ules move toward the periphery of the cell and become flattened in a 
rather thick layer at the limits of the gametocyte. This layer forms the 
outer wall of the oocyst. The haematoxylinophilic granules follow the 
plastic granules in their migration toward the limits of the cell, but do 
not reach the edge until the outer wall has been completely formed. 
Upon reaching the outer wall, these haematoxylinophilic granules begin 
to flatten out just as the plastic granules did. Since the former are smaller, 
the layer formed is much thinner. This layer derived from the haema-
toxylinophilic granules stains blue with methylene blue and eosin. (Pl. 
III, Figs. 1-6.) 
During the time the oocyst wall has been forming another group of 
granules similar to the plastic granules arises around the nucleus. These 
begin to migrate toward the periphery, but do not reach it; instead, they 
remain dispersed in the cytoplasm. It is not at all unlikely that this latter 
set of granules, dispersed throughout the entire cyst, gives to the un-
sporulated oocyst its vacuolate appearance. It is probable also that these 
granules may have some part in the subsequent formation of the sporo-
cyst wall, since this wall is usually made in one layer and resembles the 
outside wall of the oocyst. 
In order to be certain that the oocyst wall is composed of only two 
layers some oocysts were placed on a slide and crushed with the cover-
glass. Many of the oocysts crushed had only the outside wall broken, thus 
showing a distinct thick outer wall and a thin inner wall or membrane. 
Fertilization spindles have not been seen, but microgametes have 
been found in sections in close proximity to the wall of the macrogame-
tocyte. Whether or not fertilization instigates oocyst wall formation will 
be taken up subsequently. 
When the oocysts of E. nieschulzi are eliminated the host cell wall 
seems to break and the parasite is forced out. Only on rare occasions 
may mature oocysts be found with a remnant of the host cell attached 
to it. 
Henry (1932) pointed out that the oocyst wall of Eimeria was usually 
composed of two, and less frequently three layers. She also noted that 
in the two layered walls the outer one was the thicker of the two. This is 
the same condition as noted above for the species under consideration. 
The figures prepared by most authors represent the wall of oocysts by a 
thin outer line and a thick inner one. The oi:icysts appear as described but 
an explanation should be made for such appearance. The thin outer line 
is actually the interface between the outside medium and the first layer 
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of the wall. The light area immediately inside of it must be interpreted 
to be the outer wall itself. Next, the heavy inner line must be the inter-
face between the inner and outer layers; thus the dark portions in most 
figures represent the interfaces and the light refracted from them and not 
the layers of the wall itself. 
From the foregoing outline of the life history of the coccidium under 
consideration it would seem plausible to conclude that at least this species 
of the genus Eimeria has a self-limited life cycle. There is, however, a 
possibility that every host reacts exactly the same to infection, and so 
it would seem that the host actually limited the cycle in one way or an-
other. This has already been proven incorrect by the transmission of 
merozoites as carried on by the author (Roudabush, 1935). In the work 
mentioned the author infected a rat for five days and then transmitted 
the infection to a second rat, by means of the merozoites. If the cycle is 
host limited the second rat should have thrown off oocysts on the seventh 
day after transmission; instead, the rat eliminated oocysts on the second 
day after transmission, thus showing that the cycle is limited not by the 
host but by the parasite itself. 
It has been pointed out that the fourth generation merozoites were 
not to be found in any great numbers and because of this fact two possi-
bilities should be brought to mind. The first of these is the most likely 
and most obvious. The scarcity of the last generation merozoites may be 
only an apparent reduction in numbers because the material collected was 
not taken at the time of greatest production of these asexual phases. The 
other possibility is, that instead of having a fourth generation of mero-
zoites this small sized group is a sexually differentiated portion of the 
third generation. Should this be true the larger merozoites, which have 
been called third generation, would be the ones giving rise to the macro-
gametocytes while the smaller merozoites being fewer in number would 
give rise to the male elements. This, of course, is difficult to prove because 
if a merozoite is found in a cell it may be correctly placed in the group of 
merozoites to which it belongs, but the product it is going to form cannot 
be assured. Conversely, when the product can be identified the mero-
zoite from which it is derived cannot. 
Before an accurate opinion is formed about each of the above possi-
bilities consideration should be given to one other matter. This concerns 
itself with the number of oocysts eliminated from a single infection of a 
known quantity. Hall (1934) in studies on the quantitative infections of 
this same species of parasite found that out of thirty-three attempts at 
single oocyst infections only twenty-two were successful. From these 
data she concluded that two-thirds of the total number of oocysts fed 
constituted the infective dose. This calculation, while probably mathe-
matically correct, would seem to be biologically unsound. In order to be 
correct concerning the number of viable oocysts in her cultures it would 
have been necessary to make all of the thirty-three infections on the same 
day from the same culture. Even then the possibility of the oocyst re-
maining in the dilution pipette, or some other similar accident in tech-
nique, could not be guarded against sufficiently to be certain that every 
rat actually swallowed the oocyst intended for it. Disregarding this latter 
statement and supposing that all of her attempts at single oocyst infec-
tions were made from the same culture on the same day, to be correct 
about the remainder of the infections they would necessarily have had 
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to be made at the same time from the same culture. This, of course, would 
be improbable. In order to attempt a correction of the data compiled by 
Hall and to correlate it with the present work it is necessary to consider 
that every sporulated oocyst fed is, disregarding the fact that cultures 
vary in viability, a potential infector. The author realizes that cultures 
vary in infectability because of age and environment; but since it is prac-
tically impossible to standardize each culture, if cultures are used when 
fresh, each sporulated oocyst does constitute at least a potential infector. 
In view of the preceding statements a recalculation of the means for 
yields from various infective doses is given here. These calculations are 
on the basis that six oocysts fed is a six oocyst infection. 
1 oocyst fed 
6 " " 
15 " " 
75 " " 
150 " " 
2000 " " 
Yield per 
oocyst fed 
................................................ 62,000 
................................................ 1,455,000 
................................................ 1,389,000 
................................................ 1,098,000 
................................................ 1,029,666 
................................................ 144,150 
From these data it will be seen that the highest mean yielded from a 
single oocyst is 1,455,000. This number, of course, represents the num-
ber of macrogametocytes formed during the course of the infection. 
Multiplying the mean number of merozoites found in schizonts one, 
two, three and four and then multiplying that number by eight, the num-
ber of sporozoites in one oocyst, it is found that each oocyst fed produces 
a mean total of 1,872,000 gametocytes. Subtracting 1,455,000-the num-
ber of macrogametes as found in Hall's revised data, we have a total of 
417,000 microgametocytes formed from one oocyst. This number is 
slightly over 20 per cent of the total number of gametocytes formed, 
which is about the correct ratio as observed in sections of the intestine. 
The extremes of infection may be calculated by multiplying the minimum 
number of merozoites in each generation by each other and that result by 
eight, the sporozoite number, and by multiplying the maximum number 
in the same way. This calculation gives a range of 460,800-4,819,200 game-
tocytes produced from one oocyst. 
If the calculation made from Hall's and the author's data is correct, 
it is plausible to consider that the small sized merozoites belong to a dis-
tinct generation, since the average number in a single fourth generation 
schizont was used in the calculation. The author, for the present at least, 
considers that there are four complete generations of merozoites-but 
points out the other possibility, merely because it is a possibility. 
Hosoda (1928) indicates in his work that fertilization takes place 
before the oocyst wall has actually begun to form. Since fertilization has 
not been seen in the present work it is impossible to verify Hosoda's ob-
servation. It has been observed, however, that the formation of the gran-
ules which ultimately constitute the oocyst wall takes place rather early. 
In addition to this, all of the oocysts usually are eliminated and no hold-
over macrogametocytes have been found. This would seem to indicate 
that either there is a one hundred per cent fertilization or else that all 
macrogametes after a time are thrown off by the host. It would seem 
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rather improbable that in every infection there would be one hundred 
per cent fertilization so that the latter of the two suppositions would be 
the more plausible. This again allows several possibilities, the first of 
which would be that the unfertilized macrogametes are in some manner 
destroyed by the host. Another possibility is that the oocyst wall is formed 
without regard to fertilization and so some unfertilized oocysts are elimi-
nated by the host. The latter may account for the number of oocysts 
which usually fail to sporulate. 
ENDOGENOUS CYCLE OF EIMERIA SEPARATA 
Eimeria separata Becker and Hall (1931) parasitizes portions of the 
epithelial layer of the caecum and colon of the rat. Infection is found to 
be heavier in the caecum. The cells attacked are found only in the surface 
epithelium of the caecum and colon, the epithelium of the glands never 
having been found parasitized. The gametocytes and schizonts are found 
below the nucleus toward the proximal end of the cell. Some stages, espe-
cially macrogametocytes, have been found apparently below the epithelial 
layer. This apparent location may be because of the plane at which the 
section was cut, and the parasite may actually be in the base of a cell, the 
long axis of which was at an angle to the plane of the section. 
Becker and Hall (1931) report the prepatent period to be between 
five and six days. As pointed out for E. nieschulzi, this period represents 
the time elapsed from infection until oocysts appear in the feces. The 
endogenous period for this species is four and one-half days. 
Sporozoites of E. separata may be found in the caecum approximately 
six hours after infection. Some sporozoites, either because of later excyst-
ment or because they fail to enter host cells, have been found free in the 
lumen of the caecum at three days. This late infection, as in E. nieschulzi, 
complicates the life-cycle and also shows why the patent period should be 
from three to four days as described by Becker and Hall (1931). 
The sporozoites are similar in structure to the sporozoites of E. nie-
schulzi-differing only slightly in cytological composition. They possess 
an anterior and a posterior refractile globule, both of which are circular 
in outline. The posterior globule is the larger of the two. Sporozoites 
have a length range of 7.65-10.35µ, the mean length being 9.45µ. At the 
nucleus the width varies from 1.8-2.7µ, with a mean of 2.27µ. The nucleus 
is located at about the middle of the sporozoite and has a central karyo-
some. The refractile globules are siderophilic and the cytoplasm is granu-
lar, the anterior tip being densely granular. (Pl. IV. Fig. 1.) 
The sporozoite enters a host cell and forms the first generation 
schizont. The spherical refractile globules may be found in the early 
schizont, but disappear during the development. The nucleus divides and 
the cytoplasm with it until the schizont has the appearance of a morula. 
Each portion begins to elongate and form a merozoite. This process in no 
way appears as though the merozoites were budded off of a main body. 
No residuum has been seen. At about twenty-four hours after infection 
the first generation merozoites are completely formed and begin to break 
out of the cell. (Pl. IV, Figs. 2-6.) 
These first generation merozoites have a range in length from 10.8-
13.05µ, mean length being 11.89µ. They vary in width from 1.8-2.7µ, with 
an average of 2.25µ. Each group of first generation merozoites contains 
from 6-12 merozoites. Merozoites of the first generation have a nucleus 
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which exhibits a central karyosome. The cyptoplasm is granular, with a 
few large granules and, with the exception of the portion immediately sur-
rounding the nucleus takes on even blue stain with iron haemotoxylin. 
The area around the nucleus stains more lightly than the remainder of 
the cytoplasm. (Pl. IV, Fig. 7.) 
The first generation merozoites break out of their host cell, migrate to 
other cells, and enter them to form the second generation schizont. The 
early second generation schizont has a large circular area in its center 
which is not granular at all. The cytoplasm immediately surrounding this 
area is, in contrast, densely granular. 
Schizogony is complete at about 48 hours, and the merozoites formed 
number from 4-6. These second generation merozoites have a length 
range from 6.3-9.45µ, mean 7.74µ. In width they vary from 1.8-2.7µ, aver-
age being 2.26µ. The merozoites of this generation are characteristically 
short and broad. The cytoplasm is stippled and has several large granules 
scattered throughout. No special designating character except size has 
been found for this generation. (Pl. IV. Figs. 8-11.) 
TABLE 2. Eimeria separata. Data concerning the asexual phases 
Merozoites 
Sporozoite 1st 2nd 3rd 
generation generation generation 
Range 
Length 
7.65-10.35µ 10.8-13.05µ 6.30-9.45µ 12.6-15.30µ 
Mean 9.45µ 11.89µ 7.74µ 13.62µ 
Width 
Range 1.8-2.7µ 1.8-2.7µ 1.8-2.7µ 2.02-3.15µ 
Mean 2.27µ 2.25µ 2.26µ 2.63µ 
Range 
Number in 
6-12 4-6 2-6 
one schizont 
Mean 8 5.5 4 
Time of ma-
turing 1 day 2 days 3 days 
Upon entering other cells, the second generation merozoites form 
third generation schizonts. The early schizont of this generation looks 
very similar to other schizonts. The third generation merozoites are ma-
ture at about 72 hours after infection. In each group there are 2-6 mero-
zoites formed. These have a length range from 12.6-15.30µ; mean, 13.62µ. 
In width they vary from 2.02-3.15µ and average 2.63µ. This generation 
not only contains the largest merozoites of this species, but they have one 
distinguishing character: the tip of the anterior end of each stains an 
intense red with methylene blue and eosin. With iron haematoxylin this 
same area stains a rather brownish yellow; the latter color probably is 
derived from the iron alum used to destain the preparations. No re-
siduum occurs as a result of this schizogony. (Pl. IV, Figs. 12-14.) 
Gametocytes are formed when the third generation merozoites infect 
the epithelial cells. The macro- and the microgametocytes resemble each 
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other in their early development, but when the nucleus of the micro-
gametocyte divides it can be definitely distinguished. The early gameto-
cytes have an oval vacuolated area which contains an eccentric chromatin 
mass. 
The development of the macrogametocyte parallels that of E. nie-
schulzi, but differs in some details. The granules which go to make up 
the oocyst wall arise in the same way, but the haematoxylinophilic ones 
seem to reach the periphery before the plastic granules. The former do 
not flatten out, however, until the latter have passed between and have 
formed the outer oocyst wall . The haematoxylinophilic granules then flat-
ten out to form the thin inner membrane of the oocyst. Meanwhile, a 
second set of plastic granules forms and migrates to just within the inner 
wall. They remain in this position when the oocyst is thrown out of the 
tissues. Their further development has not been traced, but as in E. 
nieschulzi they probably contribute toward the formation of the sporocyst 
wall at the time of sporulation. (Pl. IV. Figs.17-19.) 
The microgametocyte undergoes its nuclear divisions to form the 
microgametes without any outstanding variation from E. nieschulzi. The 
chromatin afterwards migrates to the periphery of the cell, begins to 
elongate, and become comma shaped. Finally, in the last stage it loses 
its heavy anterior end and becomes rather evenly elongate. This is the 
mature condition and is the motile phase. These microgametes, because 
they break out in the caecum and mix with the bacterial content, are 
rather difficult to find on smear preparations. For this reason the meas-
urements of these gametes are based on specimens found on sections of 
the caecum. The body of the micro gamete varies from 1.8-2. 7 µ. in length; 
the width is estimated to be somewhat less than 0.5µ,. (Pl. IV, Figs. 15-16.) 
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Actual fertilization in this species has not been observed, but since 
microgametes have been found in the tissues around macrogametocytes, 
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it is probable that it takes place in the tissues during the early o6cyst 
wall formation. 
The outline of the endogenous cycle indicates that this species has 
a self-limited cycle. No attempt has been made, however, to check this 
by transmission of merozoites. 
The author does not consider that the fact that E. separata has only 
three generations of merozoites contradicts in any way the data obtained 
for E. nieschulzi. The difference in number of generations is probably only 
a specific difference, i. e., not generic. 
Becker and Hall (1931) observed that the numbers of o6cysts elimi-
nated in an infection of E. separata were relatively low. In accordance 
with this observation several facts should be noted. First, the fact that 
this species attacks only the surface epithelium of the caecum and colon 
would tend to make the number of available cells extremely low, as com-
pared with the area attacked by E. nieschulzi. Second, the reduced num-
ber of generations of merozoites and third, the reduced number of mero-
zoites produced in each generation contribute to considerable reduc-
tion in the possible number of gametocytes formed. 
To elaborate further on this, multiply the mean number of mero-
zoites formed in each generation by each other and then by the number 
of sporozoites in one oocyst and the resultant 1,536 represents the number 
of gametocytes formed from one o6cyst. The extremes of infection may 
be found by multiplying the minimum number in each generation by each 
other and then by eight and by multiplying the maximum numbers by 
each other and by eight. The range calculated in this manner is from 384 
to 3,456 gametocytes per o6cyst fed. These figures not only show the 
reason for the lowered o6cyst production, but also point out just where 
the reduction actually takes place. 
The prepatent period for E. separata is shorter than that for E. nie-
schulzi. The lowered number of generations of merozoites assists in 
understanding just why this period should be so short. 
ENDOGENOUS CYCLE OF EIMERIA MIY AIRII 
Eimeria miyairii Ohira (1912) passes its endogenous cycle in the epi· 
thelium of the mucosa of the small intestine of the rat. (Ohira probably 
had a mixed culture of this species and E. separata. At least, he figured 
some merozoites of the latter species.) The parasite is found almost exclu-
sively in the epithelium of the villi, but has been found, on a few occasions, 
down in the glands. One most striking difference between this species and 
E. nieschulzi is the former's habit of causing cells parasitized by it to be 
pushed out of the epithelial layer toward the tunica propria. This behavior 
was noted by Ohira in the description of the species, and it is largely upon 
this basis that the correct determination of the specific name has been 
made. In addition, this species frequently causes double infections of 
cells, especially in the later stages of the cycle. (Pl. V, Fig. 12.) 
Becker (1934) reported the prepatent period for this species to be 
six days. The endogenous period is, therefore, about five and one-half 
days. 
Sporozoites of E. miyairii are found most abundantly in the small in-
testine about twelve hours after infection. A series of infections with this 
species failed to show any sporozoites in the lumen of the small intestine 
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after two days, but since the time of excystment is so long and since it is 
probable that they will live in the intestine for four days, the patent period 
may be accounted for as in the case of E. nieschulzi. (See page 138.) 
Sporozoites of this species have two refractile globules-one anterior 
and one posterior to the nucleus. As in the other species, the posterior 
globule is the larger of the two. The posterior globule is an elongate bar 
rounded at both ends, while the anterior is circular in outline. The sporo-
zoites have a length range of 12.15-16.65µ; mean, 14.53µ.. Width varies 
from 2.25-3.15µ., with an average of 2.65µ.. The nucleus is situated toward 
the anterior end of the sporozoite, and shows a marginal chromatin ring 
with a central karyosome. Both refractile globules are siderophilic and 
the cytoplasm is granular, the anterior end being densely granular. (Pl. 
V, Fig. 1.) 
The sporozoite upon entering a cell forms the first generation schizont. 
Nothing, as far as has been determined, is distinctive of this schizont. 
When the first generation merozoites are fully formed a residual mass may 
be seen in the center with the merozoites arranged in a circle around it. 
The merozoites leave the host cell in about two days after infection. (Pl. 
V, Figs. 2-3.) 
The first generation merozoites have a range in length from 5.58-7 .20µ.; 
mean length, 6.58µ.. Width, in these merozoites, varies from 1.08-1.57µ, 
with a mean of 1.27 µ.. From 12-24 merozoites are formed from each first 
schizont. The nucleus of the first generation merozoites is central and 
has a central karyosome. The cytoplasm is evenly granular, except for a 
lighter area surrounding the nucleus. (Pl. V, Fig. 4.) 
First generation merozoites break out of their host cells and enter 
other cells to form the second schizont. Since the host cells are situated 
below the epithelial layer, in most cases, the merozoites get out into the 
lumen of the intestine by migrating through spaces left by the injured 
cells. In the cells which do not leave the epithelial layer the parasites are 
located toward the proximal end of the cell. The second schizonts are, in 
their early development, similar to other schizonts and so no distinction 
may be made between them. (Pl. V, Fig. 5.) 
Schizogony is completed on the third day of the infection and 8-16 
merozoites are formed in each schizont. A residuum is formed in this 
schizont. The merozoites formed are the second generation merozoites. 
They have a length range of 8.10-11.25µ.; mean length, 9.15µ. Width varies 
from 1.00-1.80µ, with a mean of 1.44µ.. Second generation merozoites are 
the largest formed in this species. They may be distinguished from other 
merozoites by the fact that the nucleus is located in the posterior one-
fourth of the body. The cytoplasm takes an even stain, except for the area 
around the nucleus, which, as in other merozoites, takes a lighter stain. 
These merozoites usually have one or two large granules situated anterior 
to the nucleus. (Pl. V, Figs. 6-7.) 
The second generation merozoites enter cells and form the third gen-
eration schizont, which is similar to other schizonts of this species. Thus 
third generation merozoites formed mature on the fourth day, leaving a 
large residual body. These merozoites range from 20-24 in number. 
They have a length range of 3.60-5.13µ., with a mean of 4.37 µ.; in width 
they vary from 1.00-1.57 µ., average being 1.23µ.. Merozoites of this gener-
ation have the usual light area surrounding the nucleus, the remainder 
of the cytoplasm being evenly granular. (Pl. V, Figs. 8-9.) 
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Third generation merozoites infect other cells and form the game-
tocytes. The microgametocytes and macrogametocytes are indistinguish-
able before the microgametocyte undergoes its first division. These early 
gametocytes have a central vacuolated area in which an eccentric chro-
matin mass is located. 
TABLE 3. Eimeria. miyairii. Data concerning the asexual phases 
Merozoites 
Sporozoite 1st 2nd 3rd 
generation generation generation 
Range 
Length 
12.15-16.65µ 5.58-7.20µ 8.10-11.25µ 3.60-5.13µ 
Mean 14.53µ 6.58µ 9.15µ 4.37µ 
Width 
Range 2.25-3.15µ 1.08-1.57µ 1.00-1.80µ 1.00-1.57µ 
Mean 2.65µ 1.27µ 1.441' 1.23µ 
Range 
Number in 
12-24 8-16 20-24 
one schizont 
Mean 18 12 22 
Time of ma- 2 days 3 days 4 days 
tu ring 
The development of the macrogametocyte differs slightly from the 
other two species discussed. The plastic granules are extremely large 
while the haematoxylinophilic granules are very small. The plastic gran-
ules migrate to the border of the cell and fuse to form the outer wall of 
the oocyst. The fusion is not normally complete and consequently the 
outer wall of this species is marked with radial striations. In some cases, 
however, the plastic granules fragment upon reaching the margin of the 
cell and then fuse. This latter instance, along with the crowded condition 
of double infections, probably explains the occasional smooth walled 
oocysts of this species. When the oocysts of E. miyairii are eliminated from 
the intestinal wall, the epithelial layer is at least temporarly broken by 
the passage of the oocyst through it. 
The microgametocyte in its development resembles the microgame-
tocytes of the other species previously described. The chromatin migrates 
to the periphery of the cell and then elongates to form the microgametes. 
Typically the microgametes have two flagella attached at the anterior end 
of the body. The body of the microgametes has a mean length of 3µ., width 
being approximately 0.75µ.. A large residual mass is present when the 
microgametes have reached mtaurity. (Pl. V, Figs. 10-11.) 
Microgametes have been found in the tissues around the macrogame-
tocytes so that fertilization probably takes place while the latter are still 
in the tissues. 
Again it is felt that the endogenous cycle as outlined is indicative of 
a self-limited life cycle. 
Becker (1934) indicated that the number of oocysts eliminated by a 
rat infected with E. miyairii was not so great as in the case of E. nieschulzi, 
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but greater than in the case of E. separata. The present results point to-
ward the same conclusion. To compare this with the other two species, 
the mean number of merozoites in each generation should be multiplied 
by each other, and then by the number of sporozoites in one oocyst. This 
calculation gives a mean number of 38,016 gametocytes formed per oocyst 
fed. The extremes of infection are gotten by multiplying the extremes of 
the numbers of merozoites by each other and then by eight. This gives 
a minimum number of 25,360 and a maximum of 73,728 gametocytes per 
oocyst fed. These figures show the possible extremes and the average in-
fection. 
r-----i'--
I I I I ! I E mi!:J.airii • I ~ 0 
I I I 
I I I 
• 
I f II 0 I I 
I I I I I 
I I I 
I I 
I I I 
~ I • Sporozoite O Merozoite ~ 
* 
l I x 2 I( I( 
"' 
I( I( I( 
~~ 0 3 
00 r.o z .o :3.0 4.0 50 <0.0 T.O 8.0 so ro.o 11.0 
The double and triple infections in single cells by E. miyairii are in-
teresting in view of the recent work by Beach (1936) on Plasmodium 
vivax. He found that multiple infections probably arose by the division of 
the schizont after infecting the cells. This is not true for the Eimeria under 
consideration. It has been shown that each macrogametocyte is formed 
from a third generation merozoite and each third generation schizont 
is formed from a second generation merozoite. Since many of the doubly 
infected cells contain both macrogametocytes and third generation schiz-
onts it is evident that the infecting form for each differed, and that they 
were not formed by the division of one merozoite after entering the 
host cell. 
SUMMARY AND CONCLUSIONS 
The endogenous cycles of the three species of Eimeria studied indi-
cate several important principles concerning infection with coccidian 
parasites. First, as emphasized before, the fact that the cycles are defi-
nite and exact indicates that they are limited not by the host but by the 
parasites themselves. Second, it would appear that no sexual dimorphism 
is present in the asexual phases. The merozoites heretofore described by 
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Dieben (1924), Hosoda (1929) and others as sexual dimorphic forms are 
probably different generations of merozoites. Third, this study shows that 
localization of infection is characteristic for each species. Fourth, each 
species has an individualistic life history which need not be exactly like 
that of any other coccidium. 
TABLE 4. Comparison of the three species of coccidia in rats 
E. nieschulzi E. separata E. miyairii 
Name applied by 
Becker 1934 
E. miyairii E. separata E. carinii 
*Range in size of 16.2-26.4.,u x 12.8-19.4µ x 16.8-29µ x 
oi:icyst 13.4-21.3µ 11.2-17.2µ 16.1-26µ 
*Mean size of 22.5µ x 17.8µ 16.06µ x 13.85µ 24.38µ x 22.12µ 
oi:icyst 
•character of the Smooth or Smooth Radial striated, 
wall granular rough 
*Prepatent period 7-8 days 5-6 days 6 days 
Endogenous period 6.5 days 4.5 days 5.5 days 
Number of mero- 4 3 3 
zoite generations 
Part of intestine Small Caecum and Small 
affected intestine colon intestine 
• Data taken from Becker 1934 with permission of the Collegiate Press, Ames, Iowa. 
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PLATE I 
Eimeria nieschulzi 
All drawings made with the aid of camera Lucida. Unless otherwise stated all 
motile phases are stained with iron haematoxylin, those in cells with methylene blue 
and eosin. All figures x 2222. 
1. Sporozoite. 
2. Sporozoite with divided posterior globule. 
3. Sporozoite after entering host cell. 
4. First generation merozoites in cell; merozoites shown in cross section. Note the 
refractile globule. 
5. Group of first generation merozoites. 
6. First generation merozoite. 
7. First generation merozoite after entering host cell. (Iron haematoxylin.) 
8. Second generation schizont. 
9. First nuclear division in second schizont. 
10. Group of second genera_tion merozoites. 
11. Second generation merozoite. 
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PLATE II 
Eimeria nieschulzi 
1. Group of third generation merozoites. 
2. Third generation merozoite. 
3. Division in fourth schizont. 
4. Division in fourth schizont. 
5. Group of fourth generation merozoites. 
6. Fourth generation merozoite. 
7. First division in micromagetocyte. 
8. Later stage in microgamete development. 
9. Microgametocyte (surface view) . 
10. Microgamete. 
11. Early macrogametocyte. 
12. Mature macrogametocyte (oocyst) . 
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PLATE III 
Eimeria nieschulzi 
Deve!opment of the oocyst wall. Plastic granules shown as white bodies with a 
solid outline. Haematoxylinophilic granules shown as large black dots. 
1. Early development-showing migration of granules. 
2. Plastic granules h ave almost reached the periphery. The second group of plastic 
granules remains close to the nucleus. 
3. Plastic granules h ave reached the edge and l::egin to flatten out. Haematoxylino-
philic granules begin to elongate. 
4. Outer wall formed from the plastic granules. Inner wall forming from the haema-
toxylinophilic granules. 
5. Inner wall almost fully formed. 
6. Mature oocyst inner wall shrunken away from the outer because of dehydration 
Second set of plastic granules shown in the cytoplasm. 
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PLATE IV 
Eimeria separata 
1. Sporozoite. 
2. Sporozoite in host cell. 
3. Sporozoite after rounding up. 
4. First division in first schizont. 
5. Early first generation merozoites. 
o. 1 Group of first generation merozoites. 
7. First generation merozoite. 
8. First generation merozoite after entering cell. 
9. Early second schizont (double infection). 
10. Group of second generation merozoites. 
11. Second generation merozoites. 
12. Group of third generation merozoites. 
13. Third generation merozoite. 
14. Third generation merozoite after entering cell. 
15. Microgametocyte (surface view) . 
16. Microgamete. 
17. Young macrogametocyte. 
18. Later macrogametocyte. 
19. Almost mature macrogametocyte. 
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PLATE V 
Eimeria miyairii 
1. Sporozoite. 
2. Sporozoite in host cell. 
3. Group 6£ first generation merozoites. 
4. First merozoite. 
5. Schizont (probably second generation). 
6. Group of second generation merozoites. 
7. Second generation merozoite. 
8. Group of third generation merozoites. 
9. Third generation merozoite. 
10. Microgametocyte (surface view). 
11. Microgamete. 
12. Double infection, with young macrogametocytes shown below epithelium. 
13. Macrogametocyte. 
J4. Figure copied from Ohira (1912) showing typical macrogametocyte. 
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AN UNDESCRIBED CHINCH BUG FROM IOWA1 
FLOYD ANDRE• 
From the Entomology and Economic Zoology Sectwn, Iowa Agricultural Experiment 
Station 
Accepted for publication September 1, 1936 
During. the past several years chinch bugs have caused tremendous 
losses of crops in Iowa. Rather intensive studies as to their ecological, 
biological and systematical relationships have been made. For these 
studies collections have been taken in every county in the state. Most of 
the specimens, however, were collected in southern Iowa, where heaviest 
losses from the infestation have occurred. The present paper deals with 
the systematic phase of the chinch bug problem. 
In connection with hibernation studies on chinch bugs made during 
the past winter, some samples8 of little blue stem (Andropogon furcatus 
Muhl.) were obtained near Creston, Union County, Iowa. These samples 
not only contained numerous specimens of the common chinch bug 
(Blissus leucopterus Say), but they also showed the presence of another 
species quite distinct from B. leucopterus. At first glance, this was thought 
to be the northwest chinch bug (Blissus occiduus Barber), a species which 
has been found in several localities in the western states and Canada. A 
careful study of these specimens, however, revealed that they were struc-
turally different and could be readily separated from specimens of Blissus 
occiduus collected in Colorado, Montana and in Saskatchewan, Canada. 
The species, therefore, is described herein as new to science. 
BLISSUS IOWENSIS n. sp. (Plate I) 
Holotype (brachypterous J). Length 2.80 mm.; width at widest 
portion of abdomen 0.81 mm. General color black. Legs, segment II of 
antennae, and rostrum ochraceous. Eyes deep red. Ocelli red. Wing 
bracts milkish white. Head pronotum dorsal and ventral portions of ab-
domen covered with pale incumbent hairs. 
Head much defl.exed, rather short and broad. Eyes moderately promi-
nent. Hairs on tylus longest. Width across eyes 0.58 mm. Antennae in-
serted ventral to eyes; segment IV longest, slightly more than twice as 
long as III; I shortest about half as long as II; segments in the proportions 
as I: II: III: IV:: 12: 23: 18: 38. Segments II, III and IV distinctly club-
shaped. Segment I, ochraceous; 11, light yellow shading to ochraceous at 
apex; III, ochraceous in basal third shaded to piceous in apical two-thirds, 
in some examples entirely piceous. Rostrum four-segmented reaching 
past hind margin of posterior coxae; segment II, longest about 1.5 as long 
as III, which is shortest; segments I and IV about equal in lengths; seg-
1 Journal Paper No. J373 of the Iowa Agricultural Experiment Station, Ames, Iowa. 
Project No. 420. 
2 The writer wishes to express his appreciation to Miss M. E. Poor for making the 
plate, and to Dr. C. J . Drake for many useful suggestions. 
• These were obtained from A. D. Worthington of the Iowa Agricultural Exten-
sion Service. 
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ments in the proportions as I: II: III: IV:: 22: 30: 20: 22. All segments 
ochraceous, I slightly darkened at base and IV darkened at apex. 
Pronotum wider than long (81: 53), strongly transverse, lateral mar-
gins parallel to each other in posterior half, prominently -punctured, cov-
ered with rather erect pale pubescence. Scutellum twice as wide as long 
(42: 21), impunctate, covered with fine pubescence. Hemelytra short, 
reaching to posterior margin of metasternum. Membrane much reduced, 
pale milky white, apical margin rounded, reaching posterior margin of 
first abdominal segment. Dorsum of abdomen covered with many pale 
incumbent hairs, with a few more erect hairs on sides. Legs with femora 
brownish; tibia yellowish with brownish area on knee; 'tarsi yellowish-
brown; claws yellow. Venter black with pale incumbent pubescence; 
genital claspers pale yellow, somewhat smaller than in leucopterus. 
Allotype (Brachypterous <i'). Similar to male in color and structure, 
slightly larger. Length 3.1 mm.; width at widest portion of abdomen 0.92 
mm. 
Macropterous forms (d' and <i'). Lateral margins of pronotum parallel 
to each other posteriorly. Corium reaching to posterior margin of the 
third abdominal segment. Veins slightly tinged with brown, remainder 
of wing pale milky white. Membrane in examples examined never reach-
ing to tip of abdomen. 
Type locality: Creston, Iowa. 
Described from bracypterous male holotype and brachypterous female 
allotype in the collection of Iowa State College. Paratypes: 4 macropterous 
males, 3 macropterous females, 30 brachypterous males, and 34 brachyp-
terous female paratypes all taken with type overwintering in little blue 
stem, Andropogon furcatus, at Creston, Iowa, during March, April and 
May, 1936. Paratypes have been deposited in the United States National 
Museum (Washington, D. C.), British Museum (London), Stockholm 
Museum and Iowa State College. 
B. iowensis may be distinguished from occiduus, its closest American 
relative, by the more club-shaped antenna! segments, the more projecting 
eyes, the relatively longer terminal antenna! segment, and the relatively 
longer second rostral segment. From typical leucopterus and its varieties 
it may readily be separated by its smaller size, the more flattened pro-
notum, the veins of the fore wings and the relatively longer rostrum, 
which in iowensis reaches past the hind margin of the posterior coxae. 
After studying a long series of specimens of B. occiduus from various 
localities in the west the writer feels that iowensis should be treated as a 
distinct species rather than as a variety of occiduus. The distribution of 
iowensis is interesting in that although careful search has been made for 
it in numerous localities, all the specimens of it so far have come from 
Union County, Iowa. In a subsequent paper the biology and habits of 
iowensis will be reported by Dr. G. C. Decker and the writer. It might be 
mentioned that the rearing experiments indicate that iowensis feeds and 
apparently thrives on little blue stem. It has not been found feeding on 
any cultivated crop under field conditions. 
PLATE I 
Drawing of male holotype of Blissus iowensis n: sp. 
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CONTRIBUTIONS TO THE SOUTH DAKOTA LIST OF HEMIPTERA 
HALBERT M. HARRIS 
From the Department of Zoology and Entomology, Iowa State College 
Accepted for publication October 12, 1936 
Through the courtesy of Professor H. C. Severin, it has been my privi-
lege to study the miscellaneous Hemiptera added to the collection of the 
South Dakota State College during the past ten years. There are repre-
sented in the collection most of the species recorded by Dr. H. M. Parshley 
in his preliminary list1 and in addition a number of forms not heretofore 
recorded from the state. It is with the latter that this report is chiefly con-
cerned. However, in order to make the list as inclusive as possible, data 
on certain species belonging in the various collections at Ames are given 
as also are the names of the species recorded by Parshley. The Miridae, 
representing in number of specimens almost half of the material, have 
been turned over to Dr. H. H. Knight and will be reported on by him in a 
separate paper. The Corixidae are as yet unnamed. 
In Parshley's report there are recorded as occurring in South Da-
kota 162 species, of which 50 are Miridae. To the 112 species belonging 
to families other than Miridae may now be added 62 additional forms. In 
the following pages species recorded by Parshley but not represented in 
the material before me are listed without locality data. Forms not re-
corded by Parshley, that is, additions to his list, are indicated with the 
asterisk. From the standpoint of a state list it would seem desirable to 
present every different date and locality record for each species. Be-
cause of limitations of publication space, however, such has not been 
possible in this paper. Usually only the first and latest seasonal records 
are presented. The names of the collectors, H. C. Severin, G. I. Gilbertson, 
F. R. Bingham and G. B. Spawn, are indicated by their initials. 
Family SCUTELLERIDAE 
Homaemus aenifrons (Say). Deadwood, 9-ix-'25, H. C. S. 
Homaemus bijugis Uhler. Springfield, 16-vi-'26, H. C. S.; Wewela, 16-ix-
'30, H. c. s. 
Eurygaster alternatus (Say)*. Chester, 16-vi-'33, F. R. B.; Hecla, 30-viii-
'27, H. C. S.; Cave Hills, 22-vii-'28, H. C. S.; Lakeview, 20-vi-'28, 
G. I. G. 
Phimodera binotata (Say)*. Forestburg, 21-viii-'29, H. C. S.; Sand Hills, 
Martin, 25-viii-'29, G. I. G. 
Family CYDNIDAE 
Pangaeus bilineatus (Say)*. Elk Point, 25-viii-'26, H. C. S.; Springfield, 
16-vi-'26, H. C. S. 
1 Parshley, H. M. Report on a collection of Hemiptera-Heteroptera from South 
Dakota. S. D. State College, Tech. Bul. (2): 1-22, figs. 2. 1922. 
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Cydnus obliquus (Uhl)*. Hecla, 17-vi-'34, H. C. S.; Chester, 22-vii-'29, 
G.B.S. 
Homal<Yporus congruus Uhl*. Buffalo Gap, 23-vi,'32, F. R. B. 
Sehirus cinctus (P. B.). Browns Valley, 23-vi-'27, H. C. S. 
Family THYREOCORIDAE 
Galgupha nitiduloides (Wolf). Englewood, 18-vi-'25, G. I. G.; White River, 
21-vi-'31, H. C. S.; Elk Point, 13-vi-'26, G. I. G. Recorded by Parshley 
without data. 
Galgupha atra A. & S. 
Allocoris pulicaria (Germar). Brookings, 14-vi-'31, G. B. S. 
Aliocoris nigra (Dallas). Hecla, 19-vi-'33, H. C. S. 
Allocoris gillettii (Van Duzee) . The lateralis of previous lists. 
Allocoris extensa (Uhler)*. Lead, 18-vi-'34, H. C. S. 
Family PENTATOMIDAE 
Brochymena quadripustulata (Fabr.). Vermillion, 26-vi-'35, H. C. S. 
Peribalus limbolarius Stal. Hecla, 19-vi-'30, H. C. S. 
Peribalus piceus (Dallas). 
Peribalus abbreviatus Uhler*. Buffalo, 19-vi-'25 and 8-ix-'25, H. C. S. 
Rhytidolomia faceta Say. Eureka, 5-ix-'30; Selby, 20-vii-'27, H. C. S. 
Chlorochroa uhleri Stal. Englewood, 18-vi-'25, H. C. S.; Wewela, 16-ix-'30, 
H.C.S. · 
Chlorochroa ligata (Say)*. Custer, 20-vi-'34 and 4-viii-'33, H. C. S.; 
Hecla, 19-vi-'33, H. C. S. 
Carpocoris remotus Horvath*. Buffalo, 3-viii-'35, H. C. S.; Slim Buttes, 
13-viii-"35, H . C. S. 
Euschistus latimarginatus Zimmer* Buffalo, 19-vi-'25 and 9-ix-'27, 
H . C. S. 
Euschistus ictericus Linn.* Sand Hills, Martin, 15-ix-'30, H. C. S. 
Euschistus euschistoides (Vollenhoven). Englewood, 21-viii-'33, H . C. S.; 
Elk Point, 12-vi-'25, H. C. S.; Springfield, 14-ix-'30, H. C. S. 
Euschistus tristigmus (Say). Warren Woods, White, 25-ix-'25, H. C. S. 
Euschistus variolarius (P. B.). Jefferson, 25-viii-'32, H . C. S.; Canton, 
12-vi-'26, H. C. S. 
Coenus delius (Say). Jefferson, 25-viii-'32, H. C. S. 
Hymenarcys aequalis (Say)*. Brookings, 3-viii-'28. 
Hymenarcys nervosa (Say). 
Aelia americana Dallas*. Tripp, 15-vi-'21, H. C. S.; Medicine Lake, Flor-
ence, 23-vi-'27, H. C. S. 
Neottiglossa undata (Say). Custer, 31-vii-'32, F. R. B. 
Neottiglossa sulcifrons Stal. Springfield, 24-vi-'34, H. C. S. 
Cosm<Ypepla bimaculata (Thomas). Englewood, 21-viii-'33, H. C. S. 
Menecles incertus (Say)*. Springfield, 25-vi-'35 and 8-ix-'34, H. C. S. 
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Thyanta custator (Fabr.) Philipp, 16-ix-'32, H. C. S. 
Thyanta brevis V. D. 
Thyanta rugulosa Say*. Pierre, 5-ix-'26, H. C. S. 
Murgantia histrionica (Hahn). 
Acrosternum hil.are (Say). 
Banasa dimidiata (Say). Brookings, 4-viii-'22, H. C. S. 
Perillus bioculatus (Fabr.). Onida, 15-vii-'33, G. I. G. 
Perillus bioculatus clanda (Say). Custer, 21-vii-'33, F. R. B. 
Perillus exaptus (Say)*. Waubay, 29-viii-'27, H. C. S. 
Apateticus bracteatus (Fitch). 
Podisus maculiventris (Say). Brookings, 3-viii-'28, Fredricksen. 
Podisus placidus Uhler*. Elk Point, 12-vi-'25, H. C. S.; Bonesteel, 26-viii-
'29, H. C. S. 
Podisus modestus (Dallas)*. Englewood, 18-vi-'25, H. C. S. 
Family COREIDAE 
Merocoris distinctus Dallas. Springfield, 14-vi-'25, H. C. S.; White, 15-ix-
'25, H. C. S. 
Acanthocephala terminalis (Dallas)*. Yankton, 18-viii-'27, H. C. S.; 
Springfield, 26-viii-'29 and 18-viii-'33, H. C. S. 
Leptoglossus occidentalis Heidemann. 
Leptoglossus clypealis Heidemann*. Hot Springs, 30-viii-'32, F. R. B.; 
Onida, 25-vi-'32, G. B. S. 
Archimerus alternatus (Say). Iona, 25-vi-'31, H. C. S. 
Euthoctha galeator (Fabr.). Yankton, 5-ix-'28, H. C. S.; Springfield, 
16-vi-'26, H. C. S. 
Chariesterus antennator (Fabr.). Elk Point, 24-vi-'26, H. C. S.; Spring-
field, 14-ix-'25, H. C. S. 
Chelinidea vittiger Uhler*. Milesville, 23-vi-'31, H. C. S.; Rosebud, 17-vi-
'36, G. I. G. 
Catorhintha mendica Stal. Browns Valley, 23-vi-'27, H. C. S.; Brookings, 
l-x-'31, H. C. S. ' 
Anasa armigera (Say)*. Brookings, 10-vii-'31, G. B. S. 
Anasa tristis (DeGeer). Capa, 15-viii-'22, H. C. S. 
Coriomeris humilis Uhler. Buffalo, 19-vi-'25, H. C. S.; Pringle, 14-x-'31, 
H.C.S. 
Family CORISCIDAE 
Protenor belfragii Haglund. Brookings, 8-viii-'28, H. C. S.; 11-ix-'34, 
H.C.S. 
Darmistus subvittatus Stfil *. Cascade Springs, 30-vii-'35, H. C. S. 
Megalotomus quinquespinosus (Say). White, 10-viii-'27, H. C. S.; Elk 
Point, 15-ix-'25, H. C. S. 
Coriscus eurinus obesus (Fracker). Springfield, 17-ix-'30, H. C. S. 
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Coriscus eurinus eurinus (Say)*. Elk Point, 15-ix-'25, H. C. S. 
Coriscus pluto (Uhler)*. Provo, 20-vi-'28, H. C. S.; Cave Hills, 22-vii-'28, 
H.C.S. 
Coriscus conspersus (Montandon). Chamberlin, 15-vi-'28, H. C. S.; Wau-
bay, 13-ix-'29, H. C. S. 
Coriscus conspersus infuscatus (Fracker) *. Onida, 18-vi-'33, H. C. S. 
Coriscus pilosulus (H. S.). Hot Springs, 12-ix-'27, H. C. S. 
Stachyocnemus apicalis (Dallas)*. Elk Point, 15-ix-'25, H. C. S. 
Family CORIZIDAE 
Harmostes reflexus (Say). Canton, 12-vi-'26, H. C. S.; Martin, 12-ix-'25, 
H.C.S. 
Aufeius impressicollis Stal. Grass Rope, 21-vi-'34, H. C. S.; Brookings, 
l-x-'31, H. C. S. 
Corizus punctiventris (Dallas). Englewood, 18-vi-'25, H. C. S.; Dead-
wood, 9-ix-'25, H. C. S. The crassicornis Auct., nee Linn. 
Corizus viridicatus Uhler. Belle Fourche, 24-vi-'28, H. C. S. The true 
viridicatus of Uhler. 
Corizus lateralis Say. Canton, 12-vi-'26, H. C. S.; Springfield, 14-x-'25, 
H.C.S. 
Corizus sp. * Lead, 2-viii-'35, H. C. S. This is a form usually confounded 
with scutatus Stal and identatus Hambleton. It will be discussed in a 
forthcoming paper on the genus. 
Corizus hyalinus (Fabr.) *. Gregory, 18-viii-'31, H. C. S.; Lead, 2-viii-'35, 
H.C.S. 
Leptocoris trivittatus (Say). Springfield, 18-vi-'30, G. I. G. 
Jadera haematoloma (H. S.) *. Elk Point, 12-vi-'24, H. C. S.; Lake Hen-
dricks, 28-vi-'25, H. C. S. 
Family NEIDIDAE 
Neides muticus (Say). Englewood, 18-vi-'25, H. C. S.; Warrenwoods, 
White, 25-ix-'25, H. C. S. 
Jalysus spinosus (Say). Canton, 12-vi-'26, H. C. S.; Springfield, 14-ix-'25, 
H.C.S. 
Family LYGAEIDAE 
Oncopeltus fasciatus (Dallas). 
Lygaeus turcicus Fabricius. 
Lygaeus kalmii Stal. Buffalo, 11-ix-'34, H. C. S. 
Lygaeus kalmii angustomarginatus Parshley. Englewood, 18-vi-'25, 
H.C.S. 
Lygaeus bistriangularis Say*. Pringle, 14-ix-'30, H. C. S. 
Lygaeus pusio (Stal). 
Lygaeus bicrucis Say*. Brookings, 3-viii-'25, H. C. S. 
Lygaeus lateralis Dallas*. Englewood, 18-vi-'25, H. C. S. 
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Lygaeus tripunctatus (Dallas)*. Pringle, 14-ix-'30, H. C. S. 
Ortholomus scolopax (Say) *. Martin, 12-ix-'25, H. C. S. 
Nysius californicus Stal. Gregory, 18-vi-'31, H. C. S. 
Nysius ericae (Schilling). Onida, 18-vi-'31, H. C. S.; Englewood, 14-ix-'30, 
H.C.S. 
Ischnorrhynchus resedae Panzer. Brookings, 7-ix-'29, H. C. S. 
Cymus luridus Stal. Deadwood, 9-ix-'25, H. C. S. 
Ischnodemus falicus (Say). Springfield, 25-vi-'35, H. C. S. 
Ischnodemus hesperius Parshley. Belle Fourche, 21-vii-'28, H. C. S. The 
types were from Brookings. 
Blissus leucopterus (Say). 
Geocoris bullatus (Say). Platte, 16-vi-'33, H. C. S. 
Geocoris pallens decoratus Uhler. 
Geocoris uliginosus limbatus Stal. 
Oedancala dorsalis (Say). Springfield, 16-vi-'26, H. C. S. 
Sphaerobius insignis (Uhler). Buffalo, 20-vi-'25, H. C. S. 
Ligyrocoris diffusus (Uhler). Springfield, 16-vi-'26, H. C. S.; Custer, 
l-ix-'26. 
Ligyrocoris sylvestris (Linn.)*. Custer, 29-vii-'35, H. C. S. 
Perigenes constrictus (Say). Chester, 26-vii-'30, G. B. S. 
Zeridoneus costalis (V. D.) 
Pseudocnemodus canadensis (Pr.ov.) 
Plinthisus compactus (Uhler)*. Brookings, 28-x-'29, P. H. Johnston. A 
single specimen that is identical with individuals from New York. 
Peritrechus fraternus Uhler. Chester, 28-vii-'30, G. B. S. 
Sphragistus nebulosus (Fallen). Vivian, 19-vi-'28, H. C. S. 
Aphanus umbrosus (Distant)*. Bonesteel, 26-viii-'29, H. C. S.; Chester, 
12-vii-'31, H. C. S. 
Uhleriola floralis (Uhler). 
Emblethis vicarius Horvath. Brookings, 1-v-'27, H. C. S. 
Family PIESMIDAE 
Piesma cinerea Say. Belle Fourche, 24-vi-'28, H. C. S. 
Piesma cinerea inornata McAtee. 
Family TINGIDAE 
Gargaphia tiliae (Walsh). Newton Hills, Canton, 12-vi-'36, H. C. S. 
Leptostyla oblonga (Say). 
Corythucha ulmi 0. & D. 
Corythucha distincta 0. & D. 
Corythucha marmorata (Uhler). Elk Point, 25-viii-'26, H. C. S. 
Corythucha marmorata informis Parshley. 
Corythucha arcuata (Say). Canton, 16-viii-'27, H. C. S. 
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Corythucha arcuata mali Gibson. 
Leptoypha mutica Say. 
Dolichocysta venustata Champion*. (= magna Gibson.) Hill City. 
Family PHYMATIDAE 
Phymata erosa fasciata (Gray). Martin, 5-ix-'31, H. C. S.; Buffalo, 22-vii-
'28, H. C. S. (= P. americana Melin?) 
Family REDUVIIDAE 
Metapterus uhleri (Banks). 
Metapterus uhleri brunnea (Banks). 
Reduvius personatus (Linn.). Brookings, 8-vii-'35, H. C. S. 
Melanolestes picipes (H. S.) *. Brookings, 10-i-'31, H. C. S. 
Melanolestes picipes abdominalis (H. S.). 
Apiomerus spissipes (Say). Milesville, 23-vi-'31, H. C. S. 
Zelus socius Uhler*. Milesville, 23-vi-'31, H. C. S. 
Rhynocoris ventralis (Say)*. Oelrichs, 22-vi-'30, G. I. G.; Buffalo, 20-vi-
'25, H. C. S.; Custer, 29-vii-'35, H. C. S. 
Fitchia aptera Stal. Fox Ridge, 22-vi-'27, H. C. S. 
Acholla multispinosa (DeGeer) *. Yankton, 18-viii-'27, H. C. S.; Elk 
Point, 25-viii-'26, H. C. S. 
Sinea diadema (Fabr.). Elk Point, 12-vi-'25, H. C. S.; Chester, 13-ix-'30, 
G.B.S. 
Sinea spinipes (H. S.) *. Elk Point, 25-viii-'26, H. C. S. 
Family NABIDAE 
Pagasa fusca (Stein)*. East Sioux Falls, 12-vi-'29, H. C. S. Nymphs of 
various instars, as well as adults. 
Nabis vanduzeei (Kirk)*. Cave Hills, 22-vii-'28, H. C. S. 
Nabis subcoleoptratus (Kirby). Gregory, 24-vi-'31, H. C. S. The rare 
macropterus form is represented by two females. 
Nabis ferus (Linn.). Brookings, 22-vii-'35, A.G. Peterson. 
Nabis ferus pallidipennis Harris*. Clear Lake, 15-vii-'30, R. C. Bushland. 
Nabis alternatus Parshley. Custer, 3-vii-'32, F. R. B. The holotype was 
from Capa. 
Nabis rufusculus Reuter. 11-ix-'34, H. C. S. 
Nabis roseipennis Reuter. Lake Hendricks, 25-ix-'25, H. C. S. 
Family CIMICIDAE 
Cimex lectularius Linn. Hot Springs, 27-viii-'22, H. C. S. 
Family ANTHOCORIDAE 
Anthocoris borealis Dallas. 
Orius insidiosus (Say). Elk Point, 17-vii-'33, H. C. S. 
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Orius tristicolor (White). Deadwood, 9-ix-'25, H. C. S. 
Lyctocoris n. sp. * Black Hills. Taken on Pin us ponderosa. This form is 
to be reported on elsewhere. 
Family MIRIDAE 
Dr. Parshley's list included 50 names in this group, and the material to be 
reported on by Dr. Knight should add many more. 
Family GERRIDAE 
Gerris remigis Say*. Newton Hills, Canton, 24-vi-'35, H. C. S. 
Gerris nyctalis Drake & Hottes*. Custer, 11-ix-'34, H. C. S.; Englewood, 
21-viii-'33, H. C. S.; Deadwood, 9-ix-'25, H. C. S.; Hot Springs, 17-ix-
'32, F .R. B. 
Gerris marginatus Say. Springfield, 15-vi-'28, H. C. S. 
Gerris comatus Drake & Hottes*. Brookings, 4-vi-'28, H. C. S.; Spring-
field, 15-vi-'28, H. C. S.; Sand Hills, Martin, 15-ix-'30, H. C. S. 
Gerris buenoi Kirkaldy. Brookings, 4-vi-'28, H. C. S. 
Gerris dissortis Drake and Harris. The rufoscutellatus Auct. nee Latr. 
Metrobates hesperius Uhler. Hudson, 24-vii-'32, H. C. S. 
Family HEBRIDAE 
Merragata foveata Drake*. Brookings, 28-v-'22, H. C. S.; Lake Hendricks, 
12-vii-'22, H. C. S. 
Family MESOVELIIDAE 
Mesovelia bisignata Uhler. Recorded in literature as mulsanti White. 
Family VELIIDAE 
Microvelia americana (Uhler)*. Deadwood, 9-ix-'25, H. C. S.; Cascade 
Springs, 30-vii-'35, H. C. S. 
Rhagovelia oriander Parshley. Brookings is the type locality. 
Family SALDIDAE 
Saldula major (Prov.)*. Newton Hills, Canton, 24-vi-'35, H. C. S. 
Saldula interstitialis (Say)*. Lake Poinsett, 29-viii-'27, H. C. S.; Sand 
Hills Batesland, 20-vi-'28, H. C. S. 
Saldula comatula Parshley*. Sand Hills, Batesland, 20-vi-'28, H. C. S. 
Saldula xanthochila (Fieb.) *. Lake Poinsett, 29-viii,'2"1, H. C. S. 
Saldula n. sp.* Waubay, 22-vi-'36, H. C. S. 
Salda obscura Prov.*. Englewood, 18-vi-'25, G. I. G. 
Salda coriacea (Uhl.)*. Lake Oakwood, 28-vi-'29, G. I. G. 
Micracantha humilis (Say)*. Lake Poinsett, 29-viii-'27, H. C. S. 
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Family NOTONECTIDAE 
Notenecta kirbyi Hungerford. This is the form recorded by Dr. Parshley 
as insulata. 
Notonecta irrorata Uhler. 
Notonecta undulata Say. Brookings, 9-viii-'31, H. C. S. 
Buenoa margaritacea Torre-Bueno. 
Family NAUCORIDAE 
Pelocoris femoratus P. B. 
Ambrysus heidemanii Montandon. Cascade Springs, 30-vii-'35, H. C. S. 
These specimens are inseparable from an individual in my collection 
from Yellowstone, the type locality of heidemanni. 
Family NEPIDAE 
Ranatra americana Montandon. 
Ranatra kirkaldyi Torre-Bueno. 
Ranatra protensa Montandon. 
Family BELOSTOMATIDAE 
Benacus griseus (Say)*. Brookings, 31-v-'27, H. C. S.; Madison, 9-vi-'29, 
H.C.S. 
Lethocerus americanus (Leidy). Melham, 3-x-'28, H. C. S. 
Belostoma flumineum Say. L. Hendricks, 23-vii-'22, H. C. S.; Brookings, 
9-xi-'22, H. C. S. 

A COMPARATIVE STUDY OF THE GERMICIDAL ACTIVITY OF 
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With the introduction of many new disinfectant and antiseptic solu-
tions in the last few years it has become increasingly important to study 
and to compare their germicidal properties. The usually accepted stand-
ard of comparison at present is the phenol coefficient. Phenol coefficient 
determinations are of value in demonstrating the potential usefulness of a 
disinfectant by indicating its relative germicidal power under specific 
conditions. There is, however, no serum or other natural protein material 
present (except that in the test culture) in the phenol coefficient test, al-
though such substances would ordinarily be expected to markedly influ-
ence the germicidal efficiency of a material applied on the body. 
The present study began with the determination of phenol coeffi-
cients of a number of compounds. From this point further experiments 
were carried out to ascertain the actual time required for each of the test 
germicidal materials to kill various types of organisms in the presence of 
blood plasma, and finally, studies on the bacteriostatic effects of the same 
materials were made. 
In this study various solutions and mixtures of sec-amyltricresol 
(pentacresol) and o-hydroxyphenylmercuric chloride (mercarbolide) 
were compared with several widely used proprietary preparations. 
Among these proprietary substances were included three mercurials 
(designated as mercurials A, Band C) and two phenol derivatives which 
will be referred to as phenolic compounds M and N. 
TABLE 1. Composition of sec amyltricreJsol and o-hydroxyphenylmercuric chloride 
solutions tested 
Percentage 
o-
hydroxy-
sec- phenyl 
amyl- mercu ric 
Designation Alcohol tricresol choride Acetone Soap NaCl Pigment 
Tincture 
mercresin 50 0.1 0.1 10 - - + 
Tincture 
mercarbolide 50 - 0.1 10 - 0.9 -
sec- amyltri-
crcsol soap sol. - 1.0 - - 2 - -
Tincture 
pentacresol 50 0.1 - 10 - - -
'The work reported here was supported by a grant from the Upjohn Company. 
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PHENOL COFEEICIENT 
The determination of phenol coefficients was according to the meth-
ods employed in the insecticide control laboratory of the Food and Drug 
Administration of the United States Department of Agriculture (1). Tests 
were run using Eberthella typhosa (Hopkins strain) at 20° C. and 
Staphylococcus aureus (F.D.A. No. 209) at 20° C. and at 37° C. The 
medication tubes were held at these temperatures in a water bath regu-
lated so that the variation from the temperature specified was not more 
than -+- 0.1° C. Because of the highly bacteriostatic properties of the mer-
cury compounds, the F.D.A. method of secondary subcultures was em-
ployed. This consisted of transferring four loopfuls of broth from the pri-
mary subcultures to secondary cubculture tubes. The secondary transfers 
were made immediately after the primary subcultures were completed. 
When the mercurials were tested with Staph. aureus, secondary subcul-
tures were found to be indispensable in the determination of the true 
phenol coefficient. When Eb. typhosa was the test organism, however, 
secondary subcultures were found to be unnecessary, for growth never 
occurred in the second tube unless it was also present in the primary sub-
culture tube. Frequently the primary tube showed growth while the 
secondary tube remained sterile, indicating that too few Eb. typhosa organ-
isms were carried over to the second tube to initiate growth. Table 2 
presents a summary of the phenol coefficient determinations. 
Examination of the results of the phenol coefficient determinations 
discloses several interesting facts. First, the 37° C. phenol coefficient 
(Staph. aureus) was in almost every case higher than that at 20° C. The 
effect of temperature was particularly marked in the case of the penta-
cresol (soap solution), mercurial C and mercresin. The phenol coefficient 
figures for these substances at 37° C. were more than double those at 
20° C., indicating that the temperature coefficient for those compounds 
was greater than that for phenol. 
The results presented i ntable 2 show a distinctly selective action by 
certain of the compounds. The phenol coefficient of sec-amyltricresol 
tincture (pentacresol) against Staph. aureus, was twice that obtained 
with Eb. typhosa. With Eb. typhosa as the test organism, mercarbolide 
gave a coefficient about six times as high as that obtained when Staph. 
aureus (37° C.) was employed. The selective action of the sec-amyltri-
cresol soap solution was even more marked. At 20° C. it gave a phenol 
coefficient of 1.8 for Eb. typhosa, whereas, for Staph. aureus it was 50, or 
about 28 times as great. 
The influence of the solvent on germicidal activity and specificity is 
indicated by comparison of the soap solution with the tincture of sec-
amyltricresol. At 20° C. the tincture was found to be approximately 17 
times as effective against Eb. typhosa, whereas, against Staph. aureus 
(37° C.) the soap solution o fsec-amyltricresol was more than twice as 
effective as the tincture. Dunn (2) in an independent study with sec-
amyltricresol reports this compound to be particularly effective against 
gram positive organisms. 
GERMICIDAL TESTS 
In addition to comparisons of the various antiseptic substances with 
respect to their phenol coefficients, studies were made to determine the 
actual time required by these materials to kill five different species of 
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TABLE 2. Phenol coefficients of various compounds (F.D.A. method) 
Phenol coefficient 
Eb. typhosa 20° C. Staph. aureus 20° C. Staph. aureus 37 ° C. 
Active Active Active 
Solutions Market con- Market con- Market con-
tested solution stituent solution stituent solution stituent 
Mercresin ................ . ....... 0.14 140 0.29 290 
Tincture 
mercarbolide 0.22 220 ........ . ......... 0.038 38 
Tincture 
pentacresol 0.03 30 
········ 
.......... 0.06 60 
Sec-amyltri-
cresol (in soap) 0.018 1.8 0.5 50 1.3 130 
Phenolic com-
pound M 5.1 (0.1). ........ ........ . ......... 2.6 (0.05) 
Phenolic com-
pound N 0.06 60 OJJ6 60 0.06 60 
Mercurial A ................ ........ 0.025 1.25 0.035 1.75 
Mercurial B 0.033 33 0.025 25 0.035 35 
Mercurial C ................ . ... .... 0.025 50 0.06 12 
• Figures in parenthesis represent the phenol coefficient if adjusted to the dilu-
tion recommended for use. 
bacteria. Tests were usually carried out in the presence of blood plasma 
in order to approach more nearly conditions under which the disinfect-
ants would normally be used. Serum has been shown to inhibit or de-
crease the germicidal activity of many substances, especially the com-
pounds containing mercury. The organisms used were Staph. aureus, 
Streptococcus viridans, Eb. typhosa, an aerobic spore former, Bacillus 
metiens2, and an anaerobe, Clostridium welchii. All experiments were 
conducted at room temperature (about 25° C.). 
The general procedure followed was to arrange a series of ten medi-
cation tubes. Into each tube was pipetted 2.0 cc. of dilute plasma or dis-
tilled water and 0.5 cc. of a 24-hour broth culture of the test organism. 
Finally, at intervals of 30 seconds, 2.0 cc. of disinfectant were added to each 
tube. After an interval of 30 seconds from the addition to the last tube, a 
loopful of the mixture was transferred from the first tube to a tube of 
broth. Subcultures were made from each tube in turn at 30 second inter-
vals until 25 or 30 minutes had elapsed. In this way cultures were made 
from each medication tube at five minute intervals. All subcultures from 
mercurials were again subcultured by transferring four loopfuls to an-
other tube of broth. Cultures were incubated at 37° C. for 48 hours before 
results were read. An occasional deviation from this procedure was the 
mixing of the disinfectant and plasma followed by the addition of the 
2 B. metiens is a gram positive spore forming aerobe which Levine and associates 
have found serviceable for studies on the germicidal properties of alkalies and chlorine 
compounds. 
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culture at 30-second intervals. The treatment varied, in some details, with 
the organism used. All cultures and subcultures of Staph. aureus, Strep. 
viridans and Eb. typhosa were made in standard F.D.A. broth. 
When B. metiens was used, dried spores were weighed and added to 
a tube of distilled water to make a suspension of about 5,000,000 spores 
per cc. immediately before use in order to avoid errors which might re-
sult from germination of spores. This suspension was added to the medi-
cation tubes in amounts of 0.5 cc. Since the spores proved to be very 
resistant to the disinfectants, the intervals between subcultures were 
much longer than when Staph. aureus was used and extended over a 
much longer period of time. 
Cultures of Cl. welchii were grown in egg-meat medium. This me-
dium was also used for subcultures from the medication tubes, but it was 
found to be difficult to read results, especially if growth was slight. An 
improved medium in which it was easy to detect growth was prepared by 
adding to each tube of egg-meat medium 6 to 10 cc. of sterile milk. Growth 
of the organism was indicated by the characteristic stormy fermentation 
of the milk. 
Results of these experiments are presented in table 3. It is worthy 
of note that in the tests with plasma, as in the phenol coefficient deter-
minations, sec-amyltricresol is more effective against Staph. aureus than 
is the mercarbolide. The soap solution of sec-amyltricresol proved to be 
more effective against the spores of B. metiens than pentacresol (tincture 
sec-amyltricresol). The mercarbolide was uniformly less effective against 
the gram positive cocci than were the pentacresol preparations. 
When Sertp. viridans was the test organism, mercresin was the only 
substance which killed that organism within five minutes in every trial 
when plasma was present. The culture survived in the phenol, mercurial 
A, mercurial B, mercurial C, and mercarbolide test solutions for 30 min-
utes but was killed in 16 hours, which was the next interval of time ob-
served. Mercurial B failed to kill Strep. viridans even after 16 hours 
exposure. The selective action of the different mercurials for specific 
organisms is particularly worthy of note. Thus mercurial B which was 
as effective against Staph. aureus as mercurials A and C (see table 2) was 
apparently innocuous to Strep. viridans. 
The test substances were found to be comparatively ineffective 
against the spores of B. metiens and Cl. welchii. Phenol, the cresol com-
pound, mercurial B, pentacresol and mercarbolide failed to destroy the 
spores of B. metiens in 21 hours. Mercresin and the sec-amyltricresol (soap 
solution) were effective in 21 hours, while the mercurials A and C killed 
in five hours. It is interesting that three of the four substances effective 
against this organism were mercury compounds. With respect to Cl. 
welchii, 5 per cent phenol killed the organism in 21 hours. The mercurials 
A and C required 76 hours and 120 hours, respectively. The organism 
survived for 120 hours in all of the other test substances. The results pre-
sented in table 3 indicate that phenol is less effective against B. metiens 
(spores) than the mercurials A and C, but more effective against CZ. 
welchii than are those compounds. 
BACTERIOSTATIC EFFECTS 
A series of tests was carried out to determine the highest dilution of 
each disinfectant which would prevent growth of the test organisms dur-
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ing a given period of observation. Staph. aureus and B. metiens were used 
as test organisms. 
The technique employed was briefly as follows: In one series (broth) 
1 cc. of a standard F.D.A. broth culture of Staph. aureus was added to 99 
cc. of F.D.A. broth, 9 cc. of this bacterial suspension was added to test 
tubes containing 1 cc. of various concentrations of test materials, and the 
tubes placed in the 37° C. incubator. Another series (plasma) was car-
ried out as above, except that the bacterial suspension consisted of 1 cc. 
of culture in 99 cc. of F.D.A. broth containing 10 per cent plasma. 
Results of these experiments are summarized in table 4. It is appar-
ent that the concentrations of these substances necessary to inhibit the 
test organisms were considerably greater in the presence of 10 per cent 
plasma than in broth. 
All of the compounds containing mercury inhibited growth in higher 
dilution than the phenolic compounds. Mercresin was effective in higher 
dilution than the other mercurials tested. 
The procedure with B. metiens was similar to that described for 
Staph. aureus except that a suspension of spores of B. metiens in broth 
was used as the inoculum. Tests were run both in F.D.A. broth and in 10 
per cent plasma broth. 
Results of these tests are presented in table 4. Concentrations nec-
essary to inhibit these organisms were somewhat greater than those re-
quired when Staph. aureus was used and likewise greater in the presence 
of serum than in plain broth. 
The compounds containing mercury inhibited growth in higher dilu-
tion than the non-mercurials, but no one of them was particularly effect-
ive against B. metiens. 
SUMMARY 
The phenol coefficient of the tincture of sec-amyltricresol was found 
to be about 17 times that of the same compound in 2 per cent soap solution, 
when Eb. typhosa was employed as the test organism. On the other hand, 
when Staph. aureus (37° C.) was employed, the soap solution of sec-
amyltricresol was more than twice as effective as the tincture. 
Thesec-amyltricresol, in 2 per cent soap solution, was found to pos-
sess definite selective action against Staph. aureus. At 20° C. it gave a 
phenol coefficient of 1.8 with Eb. typhosa, whereas, for Staph. aureus it 
was 50, or about 28 times as great. 
In the presence of blood plasma mercresin was found to be more 
effective against Strep. viridans than any of the other compounds tested. 
The pentacresol preparations were uniformly more effective against the 
gram positive cocci than mercarbolide, when plasma was present. 
Against the spore-formers, B. metiens and Cl. welchii, none of the 
substances were particularly effective, in the concentrations employed. 
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TABLE 3. Germicidal tests 
Strep. viridans Staph. aureus Eb. typhosa B. metiens Cl welchii 
Test organism (.5 cc.) (.5 cc.) (.5 cc.) (.5 cc.) (.5 cc.) 
4 cc. 10 percent 2 cc. 20 per cent 2 cc. 20 per cent 
plasma plasma plasma 
Medium of exposure 1 cc. disinfectant 2 cc. disinfectant 2 cc. disinfectant 5 cc. disinfectant 5 cc. disinfectant 
Substances tested** Killing time 
Mercresin 5 min. 5 min. 5 min. 21 hrs. d 
Mercarbolide a 20 min. 5 min. c d 
Pentracresol 15 min. 5min. 5 min. c d 
Sec. amyltricresol* 10 min. 5 min. 5 min. 21 hrs. d 
Mercurial A a 5 min. 5 min. 5 hrs. 76 hrs. 
Mercurial B b 25 min. 5 min. c d 
Mercurial C a 5 min. 5 min. 5 hrs. 120 hrs. 
Phenolic compound N 10 min. 5 min. 5 min. c d 
Phenol (5% ) a 5 min. 5 min. c 21 hrs. 
• 1 per cent sec-amyltricresol in 2 per cent soap solution. 
• • Initial concentration of test materials is that offered to the public. Concentration in tests may be computed from composition 
of medium employed for exposure. 
a. Not killed in 30 minutes but dead on examination after exposure of 16 hours. 
b. Not killed after exposure for 16 hours. 
c. Not killed after exposure for 21 hours. 
d. Not killed after exposure for 120 hours. 
TABLE 4. Influence of plasma on bacteriostasis 
Staph. aureus Bacillus metiens 
Dilutions* Dilutions* 
Preventing growth Permitting growth Preventing growth Permitting growth 
Tested substances Broth Plasma Broth Plasma Broth Plasma Broth Plasma 
Mercresin 1-1600 1-400 1-3200 1-800 1-500 1-250 1-1000 1-500 
Mercarbolide 1-500 1-250 1-1000 1-500 
Pentacresol 1-20 1-10 1-40 1-20 
Sec-amyltricresol 1-300 1-150 1-400 1-200 1-320 1-160 1-640 1-320 
Mercurial A 1-400 1-400 1-1600 1-800 1-500 1-250 1-1000 1-1000 
Mercurial B 1-1600 1-200 1-3200 1-400 1-1000 1-250 1-2000 1-500 
Mercurial C 1-800 1-400 1-HiOO 1-800 1-500 1-250 1-1000 1-500 
Phenolic compound M 1-20 1-20 1-30 1-30 
Phenolic compound N 1-20 1-10 1-30 1-15 1-40 1-10 1-80 1-20 
Phenol 1-400 1-200 1-6()0 1-400 1-200 1-200 1-400 1-400 
*Concentration of compounds as offered to the public is taken as unity, except for phenolic compound M which is based on the 
dilution recommended for use (2 per cent), and phenol which is based on the pure substance. 
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The method of penetration of plant tissues and the particular tissues 
sought as a source of food supply by aphids are a part of the investigations 
connected with a study of insects as vectors of yellow dwarf, a virus 
disease of the cultivated onion. Since aphids are involved in the transmis-
sion of a greater number of virus diseases of plants than any other group 
of insects, a correct understanding of their feeding habits and the resulting 
effect on the plant tissues is of considerable importance. This work is a 
continuation of studies dealing with the intercellular abnormalities (Tate, 
1935) associated with onion yellow dwarf, and has been conducted under 
the supervision of Dr. J. N. Martin of the Botany Department of Iowa 
State College. 
Experimental evidence (Drake, Tate and Harris, 1932 and 1933) has 
convincingly demonstrated that in Iowa the virus of onion yellow dwarf 
is disseminated by various species of aphids, none of which normally 
feed on the onion plant. Moreover, when aphids are limited to such plants 
for their food supply most of them die within a period of 3 to 7 days. 
Somewhat similar virus-insect relationships have been established in con-
nection with certain other diseases such as bean mosaic (Zaumeyer and 
Kearns, 1936) and sugar cane mosaic (Brandes, 1920). It, therefore, be-
came of interest to determine if the different species of aphids, when con-
fined upon plants which do not normally serve as hosts, feed in a manner 
similar to that on preferred hosts. In conjunction with this work, studies 
were also made with various species of aphids which had not formerly 
received attention from this point of view on their normal host plant for 
the purpose of obtaining further information on the feeding methods of 
aphids in general. 
REVIEW OF LITERATURE 
The effect of feeding punctures of Hemipterous insects and the par-
ticular region of the plant tissues penetrated has received the attention 
of a number of investigators and some of those most closely related to 
the present problem will be briefly reviewed. 
Horsfall (1923) conducted experiments on the effect of feeding punc-
tures of aphids on plant tissue in which four species were considered-
namely, Aphis rumicis L., Myzus persicae Sulz., Macrosiphum rudbeckiae 
(Fitch), and M. ambrosiae (Thomas). He concluded that, as a rule, the 
1 Journal Paper No. J396 of the Iowa Agricultural Experiment Station, Ames, Iowa. 
Project No. 135. 
•The writer is greatly indebted to Dr. C. J. Drake, under whose direction the 
project has been conducted, and to Mrs. Mary C. Kagy for her invaluable assistance 
in the preparation of slides and study of the material 
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path of the setae is intercellular and that the objective of the stylets is al-
ways a vascular bundle. 
Davidson (1923) published the results of experiments in which he 
demonstrated that the piercing organ of aphids passed intercellularly 
through the cortex to the vascular bundle and only occasionally passed 
through individual cells. 
Smith (1926) made a comparative study of the feeding methods of a 
number of species of Hemipterous insects, including three species of 
aphids. The result of his studies showed that in general the stylet track 
was intercellular with the phloem of the vascular bundle as the main ob-
jective. 
MATERIAL AND METHODS 
The following species of aphids and the host plant tissue upon which 
they were feeding at the time of being killed were used in these investi-
gations: Aphis rumicis L. on nasturtium (Tropaeolum majus L.), dock 
(Rumex crispus L.), white sweet clover (Melilotus alba Desr.), snowball 
(Symphoricarpos sp.), and onion (Allium cepae L.); Myzus persicae Sulz. 
on onion (A. cepae L.); Macrosiphum ambrosiae (Thomas) on ragweed 
(Ambrosia trifida L.); M. gei Koch on milkwed (Asclepias sp.); M. erige-
ronensis (Thomas) on Solidago canadensis L.; M. rudbeckiae (Fitch) on 
Silphium perfoliatum L.; Periphyllus negundinis (Thomas) on box elder 
(Acer negundo L.); Capitophorus ribis L. on currant (Ribes sativum 
Syme) and on gooseberry (Ribes sp.); Aphis pomi DeGeer on apple 
(Pyrus malus L.); Drepanaphis acerifoliae (Thomas) on maple (Acer 
saccharinum L.); Anoecia querci (Fitch) on dogwood (Camus sp.); Pro-
ciphilus fraxinifoUi (Riley) on ash (Fraxinus americana L.); Hysterneuro 
setariae (Thomas) on plum (Prunus domestica L.); Myzocallis puncta 
(Monell) on oak (Quercus sp.); and Aphis spiraecola Patch on Spirea 
prunifolia Sieb. & Zucc. 
The object of the investigations was to determine the course of the 
setae through the plant tissues and the particular region sought as a pri-
mary source of food supply. An effort was made to select a wide range of 
aphid species from various types of plants. None of the species studied 
induces true gall formation but in some cases heavily infested plants ex-
hibited marked macroscopical abnormalities such as curling and rolling 
of the leaves and the formation of hypertrophied areas. In obtaining mate-
rial for study only portions of the plant heavily infested with aphids were 
selected in order to increase the probability of securing sections which 
showed either the setae or the setal sheaths in their entirety. Most of the 
material was collected at odd times while engaged in field experiments on 
insect transmission of onion yellow dwarf. 
Considerable difficulty was experienced at first in the killing and the 
fixation of material because it was highly desirable to obtain the setae 
of the aphids in a natural feeding position within the plant tissues. The 
method finally selected as being most satisfactory was to transfer the 
pieces of plant tissues infested with aphids to a large "cyanid bottle" and 
as soon as the aphids had become perfectly quiet the tissue was dropped 
into the fixing agent. 
During the early part of the work four different killing and fixing 
solutions were tried-namely, Bouin's, chromacetic, 95 per cent alcohol 
(hot), and alcohol-formalin acetic acid. The chromacetic acid solution 
was perhaps the most satisfactory since it caused little or no plasmolysis 
I 
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of the plant tissues. Although the alcohol-formalin acetic acid solution 
resulted in some shrinkage it was generally used in fixing material in the 
field because of its convenience in handling. In carrying the tissue 
through the succeding solutions many of the aphids which remained at-
tached to the plant tissues by the setae at the time of killing and fixing 
were lost regardless of the most careful manipulation. 
The tissues were sectioned 8-10 microns in thickness and then fixed 
on the slide and stained. A number of different stains were tried among 
which were included safranin with fast green, safranin with haemalum 
and safranin with gentian violet. In general the safranin and gentian 
violet combination gave the most satisfactory results. 
In obtaining sections suitable for making photomicrographs both from 
the standpoint of plant tissue and aphid mouthparts it was necessary to 
prepare large numbers of slides. Little difficulty was experienced in most 
instances in obtaining sections of plant tissue in excellent condition or in 
locating either the aphid setae or stylet sheath in feeding position. The 
problem, however, of locating satisfactory combination of both plant mate-
rial and insect stylets often proved to be very difficult. Occasionally it was 
necessary to select slides for photomicrographs in which the plant mate-
rial was rather poorly stained and somewhat disorganized in order to 
obtain sections showing the entire course of stylets in situ. 
THE SETAL PATH AND SOURCE OF FOOD SUPPLY 
A study of 18 species of aphids in situ upon the leaf or stem of the 
host shows that in general the main objective of the setae is the vascular 
bundle. Although in the majority of species studied the setal path was 
intercellular as a rule a number of species followed a direct course through 
the cells and a few represented an intermediate group. Based on the type 
of stylet track the species of aphids studied form three main groups, 
namely: 
l.' Setal path intercellular to the vascular bundle. 
2. Setal path either inter- or intracellular to the vascular bundle. 
3. Direct path to the vascular bundle, regardless of cellular structure. 
In this connection it is of interest to note the work of Busgen (1891), 
who observed three types of stylet tracks, namely: (1) Intercellularly to 
the phloem; (2) intracellularly through the parenchyma (no phloem ob-
jective); and (3) intracellularly to the phloem. It may be noted that his 
observations differ from those of the writer in that all of the species in-
cluded in the present study appeared to penetrate the vascular bundle, 
wheras according to Busgen's observations the vascular bundle was not 
always the primary objective. In some cases (Plate I, fig. 4) setae and in 
other cases stylet sheaths (Plate IV, fig. 1) were observed terminating in 
the parenchyma, but it was concluded that in such cases either the pene-
tration process had not been completed or the setae had been partially 
withdrawn at the time of killing. This may account for the difference be-
tween the findings of Busgen and the writer. 
Although it would be impossible to place species invariably in one 
particular category each of those studied falls rather definitely into one of 
the three groups cited above. In the first group (i.e., setal path intercellu-
lar to the vascular bundle) belongs A. rumicis (Plate I, figs. 2, 3, 4, 5 and 
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6, Plate III, figs. 1, 2, 3 and 4), the setae of which were found almost in-
variably to follow an intercellular path in the four different host plants 
studied. In a few instances, however, A. rumicis was found to penetrate 
cells (Plate I, fig. 1). Although M. persicae was not studied on any of its 
normal hosts, sections of infested onion tissue show the setal path to be 
almost entirely intercellular (Plate II, a and b). These findings are in 
accord with those of Horsfall (1923), Davidson (1923), and Smith (1936). 
In the second group (i. e., setal path either inter- or intracellular to 
vascular bundle) may be included the majority of the species studied 
but in most cases intercellular penetration was the more common method. 
These species are, namely, M. rudbeckiae (Plate VI, fig. 4), M. gei (Plate 
IV, fig. 1), M. erigeronensis (Plate IV, fig. 2), M. ambrosiae (Plate IV, 
fig. 3), A. querci, D. acerifoliae (Plate VII, fig. 2), C. ribis (Plate VI, fig. 2). 
A. pomi, M. puncta (Plate VIII, fig. 3), and A. spiraecola (Plate V, fig. 2). 
In the third category (i. e., direct path to the vascular bundle) H. 
setariae (Plate V, fig. 3), P. fraxinfolii (Plate VI, fig. 3), and P. negundinis 
(Plate VI, fig. 1) are good examples insofar as the material examined in 
the present studies is concerned. Stylet sheaths were very numerous in 
tissues of Fraxinus americana heavily infested with P. frazinifolii and in 
all instances observed the setal path was direct through the parenchyma 
to the vascular bundle. In the case of H. setariae on Prunus domestica and 
P. negundinis on Acer negundo the stylet sheaths were much less numer-
ous and, consequently, not so many sheaths were available for study. 
It is of interest to note that numerous sections of onion plants showing 
stylet sheaths of both A. rumicis and M. persicae demonstrate that when 
these insects feed on plants not normally attacked they feed in a manner 
similar to that on their natural host plants. 
THE STYLET SHEATH 
During the penetrating and the feeding process of aphids the piercing 
organ, which is composed of the mandibular and maxillary stylets, is sur-
rounded by saliva injected by the insect and by plant juices from the in-
jured tissues. As a result of the action of the saliva, a precipitation or 
coagulation of substances occurs thus forming around the setae a thin 
walled tube referred to as the stylet sheath. When the setae are with-
drawn the stylet sheath is left in the plant tissues and when treated with 
safranin the sheath stains a distinct reddish yellow color. Because of 
this property the course taken by the setae may be followed and the point 
of puncture determined even though the setae had been withdrawn at 
the time of or during the process of killing the material. 
Although certain properties of the setal sheath have been deter-
mined, its function, its chemical and physical composition and the chemi-
cal reactions which take place during its formation are still imperfectly 
understood. Davidson (1923) is of the opinion that the sheath is com-
posed of substances produced by the action of saliva on the cell sap, prob-
ably callose and insoluble calcium pectate together with tannin. Horsfall 
(1923) obtained evidence to indicate that the stylet sheath is composed 
of calcium pectate probably deposited by the plant cells and a proteid 
material evidently injected by the insect. 
It is quite apparent that there exists considerable variation among 
aphid species with respect to the number of stylet sheaths that can be 
demonstrated by means of the safranin stain reaction. From slides of 
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leaves of Ribes sativum heavily infested with the aphid C. ribis numerous 
sections were examined but only a small number of sheaths were ob-
served, wheras in tissue of Fraxinus americana infested with the aphid 
P. fraxinifolii stylet sheaths were numerous. A similar condition existed 
among several other species studied. Such differences are probably due 
to variations in the amount of saliva injected by the insect, the flow of 
plant juices, and the chemical reactions which follow and the responses 
of the resulting sheaths to stains. Of numerous sections of leaves of 
Crataegus infested with Rhopolosiphum prunifoliae (Fitch) examined no 
evidence of sheath formation was observed. The experiments with this 
species are not considered as being sufficiently intensive to warrant the 
obvious conclusion that a stylet sheath is not formed when it is feeding on 
Crataegus, but the technique employed failed to demonstrate the presence 
of sheaths. 
In the sections examined the sheaths varied greatly in outline, being 
quite uniform in some sections (Plate IV, fig. 1, and Plate VII, fig. 4) while 
in other sections the outline was inclined to be irregular (Plate VII, figs. 
1 and 3) as a result of unequally distributed deposits along the path of the 
stylets. In the sheath formed by M. ambrosia on ragweed (Ambrosia 
trifida) (Plate IV, fig. 3) there is a fairly uniform central sheath sur-
rounded by an irregular dark stained deposit which probably is a result of 
saliva diffusing out into the adjacent area during the process of penetra-
tion. 
SOME HISTOLOGICAL ABNORMALITIES ASSOCIATED WITH APHID FEEDING 
In many of the plants examined sections of leaves heavily infested 
with aphids showed areas of abnormal tissue resembling pseudo-vascular 
tissue. These abnormalities were noted in the following plants: apple 
(P. malus), ash (F. americana), box elder (A. negundo), Crataegus sp., 
dogwood (Cornus sp.) , currant (R. sativum), gooseberry (Ribes sp.), 
plum (P. domestica), dock (Rumex sp.), and snowball (Symphoricarposa 
sp.). In Plate VIII, figs. 1 and 2, are shown photomicrographs of this type 
of pseudo-tissue from leaves of currant (R. sativum) and gooseberry 
(Ribes sp.). In all of the other plants mentioned above more or less simi-
lar conditions were observed. These abnormalities were associated in 
every case with leaves which had become curled, rolled or otherwise dis-
torted as a result of heavy aphid infestations. 
Various degrees of derangement of leaf tissue were noted within the 
same plant and in different plants ranging from the differentiation of a 
few abnormal cells to the formation of pseudo-vascular tissue. The extent 
of derangement or development of pseudo-vascular tissue probably de-
pends upon such factors as: (1) severity of infestation, (2) duration of 
feeding activities, and (3) nature of plant and its reaction to the stimulus 
of the insect secretion. 
SUMMARY 
1. The results of studies concerned with the course of the setal path 
and the particular region of the plant sought as a source of food supply 
by aphids on 19 species of plants are presented. Fifteen species of aphids 
were involved in the studies. 
2. Based on the course followed by the setae in penetration three 
types of setal paths were observed-namely, (1) intercellularly to the 
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vascular bundle; (2) either inter- or intracellularly to the vascular 
bundle; and (3) a direct path to the vascular bundle regardless of cells or 
intercellular spaces. 
3. In all aphids studied the vascular bundle and particularly the 
phloem elements were found to be the objective of the setae and hence 
the principal source of food supply. 
4. A study of sections of onion tissues infested with Aphis rumicis 
and Myzus persicae, neither of which normally feeds on this plant, showed 
the method of penetration by the setae and source of food supply to be 
similar to that on normal host plants. 
5. With the technique employed the extent to which stylet sheaths 
could be demonstrated was found to vary considerably among different 
species of aphids and in different species of plants. 
6. The plants which showed such symptoms as leaf curling, rolling 
or pseudo-leaf galls as a result of aphid attacks were found to exhibit 
marked histological abnormalities principally in the form of pseudo-
vascular tissue. 
7. A number of photomicrographs and drawings illustrating the 
points under consideration are presented. 
PLATE I 
Drawing showing the path followed by the setae in penetrating the plant tissue 
and the stylet sheaths formed by A. rumicis. 
Fig. 1. Transverse section of stem of nasturtium showing setae following an intra-
cellular path to phloem. Note the irregular deposits along the setal path. 
Fig. 2. Transverse section of onion leaf showing stylet sheath following an inter-
cellular path to the vascular bundle. 
Figs. 3 and 5. Transverse section of steam of nasturtium showing setae penetrating 
intercellularly to the phloem. 
Fig. 4. Transverse section of stem of nasturtium showing the setae following an inter-
cellularly course and terminating in the cortical cells. It is quite likely that the 
penetrating process had not been completed at the time the material was killed. 
Fig. 6. Transverse section of stem of nasturtium showing stylet sheath following an 
intercellular path, one branch of which terminates in the intercellular spaces 
of parenchyma cells. 
Reference Lettering 
S = setae; T =tube or sty let sheath; I= intercellular space; Ph= phloem; 
X = Zylem; L =labium. 
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PLATE II 
Drawings showing path followed by the setae and stylet sheath formed by Myzus 
persicae in onion. 
Fig. a . Transverse section of onion leaf showing setal path leading intercellularly to 
phloem. x 500. 
Fig. b . Transverse section of onion leaf showing stylet sheath leading to phloem. 
x~~ ~ 
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PLATE II 
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PLATE III 
Photomicrographs showing path followed by setae and source of food supply of 
A. rumicis on nasturtium, Rumex, white clover, and snowball. 
Fig. 1. Cross secton of stem of nasturtium showing intercellular course of the setae 
which terminates in the vascular bundle. x 265. 
Fig. 2. Cross section of stem of Rumex showing stylet sheath following an intercellu-
lar course to the phloem. It will be noted that a portion of the sheath is not 
present in this section. x 250. " 
Fig. 3. Cross section of mid-vein of leaf of snowball showing stylet sheath leading to 
vascular bundle. x 250. 
Fig. 4. Cross section of stem of white clover showing stylet sheath following an in-
tercelllar path to the vascular bundle. x 250. 
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PLATE IV 
Fig. 1. Transverse section of milkweed leaf showing stylet sheath of M. gei. x 265. 
Fig. 2. Transverse section of stem of Solidago showing stylet sheath of M. erige ro-
nensis leading to vascular bundle. x 220. 
Fig. 3. Transverse section of ragweed stem (Ambrosia trifida), showing the stybt 
sheath of M. ambrosiae leading to vascular bundle. x 265. 
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PLATE V 
Fig. 1. Cross Stction of leaf of dogwood, showing setae of A. querci penetrating vas-
cular bundle. x 250. 
Fig. 2. Cross section of stem of Spirae showing stylet sheath of A. spiraecola extend-
ing to the vascular bundle. x 265. 
Fig. 3. Longitudinal section of leaf of plum (Prunus domestica) showing a median 
longitudinal section of H. setaria.e with the setae in feeding position and pene-
trating the vascular elements. 
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PLATE VI 
Fig. 1. Transverse section of mid-vein of box elder leaf (Acer ne;iundo), showing 
setae of P . negundinis leading to the vascular bundle. x 250. 
Fig. 2. Transverse section of leaf of currant (Ribes sativum) showing stylet sheath 
of C. ribis following an intercellular path to the vascular bundle. x 235. 
Fig. 3. Longitudinal section of leaf of ash (Fraxinus americana) showing two stylct 
sheaths of P . fraxinifolii following a direct path to the vascular bundle. Note 
that the stylet sheath projects above epidermis. x 265. 
Fig. 4. Transverse section of stem of Silphium perfoliatum showing stylet ~heath of 
M. rudbeckiae penetrating the phloem tissue. x 155. 
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PLATE VII 
Fig. 1. Transverse section of mid-vein of apple leaf showing stylet sheath of A. pomi 
following an intercellular path to the phloem. x 265. 
Fig. 2. Transverse section of mid- vein of maple leaf showing stylet sheath of D. acer-
foliae following an intercellular path to the phloem. x 265. 
F lg. 3. Transverse section of mid-vein of oak leaf showing stylet sheath of M. puncta 
following an intracellular path to the phloem. x 265. 
Fig. 4. Transverse section of leaf of gooseberry (Ribes sp.) showing stykt sheath of 
C. ribis penetrating phloem tissue. x 250. 
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PLATE VIII 
Fig. 1. Showing development of pseudo-vascular tissue in leaf of gooseberry (Ribes 
sp.) infested with C. ribis. 
Fig. 2. Showing development of pseudo-vascular tissue in leaf of currant (Ribes 
sativum) infested with C. ribis. 
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THE GENERA SPOROBOLOMYCES AND BULLERA FROM THE 
STANDPOINT OF DAIRY PRODUCTS1 
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tural Experiment Station 
Accepted for publication November 25, 1936 
In studies on the numbers of bacteria, yeasts and molds falling from 
the air in dairy plants, organisms were encountered which discharged 
spores from the colonies on inverted plates in such a manner that defi-
nite spots appeared on the covers exactly beneath the colonies. The or-
ganisms evidently belong to two genera, Sporobolomyces and Bullera. 
Although these genera have been studied by a number of investigators, 
little attention has been given them in the United States and, accordingly, 
an attempt was made to isolate cultures from various sources, particu-
larly from dairy products. The cultures obtained were studied from the 
standpoint of their classification. 
HISTORICAL 
In 1923 Kluyver and van Niel (3) isolated a number of red yeasts 
which were contaminants of yeast cultures from Japan. They found that 
when these yeasts were grown on inverted plates, mirror images of the 
colonies were produced on the covers of the plates by the shower of 
kidney-shaped cells discharged from the colonies. They noted that sev-
eral investigators had previously studied these "spore-discharging" yeasts 
and had assigned to them various names, none of which in their opinion 
seemed justified. After studying the organisms in considerable detail, 
Kluyver and van Niel proposed for them the generic name Sporobolo-
myces, the peculiar spore discharging characteristic distinguishing them 
from closely allied genera. Their six types were provisionally divided 
into three species, Sporobolomyces salmonicolor, Sp. roseus and Sp. tenu,is, 
the division being made mainly on the basis of colony and physiological 
characteristics. These investigators gave a detailed description of the 
spore discharging mechanism and showed why the explanations of this 
phenomenon given by earlier investigators were erroneous. 
In their study on the fungi of Manitoba, Bisby Buller and Dearness 
(1) encountered two species which they regarded as Sporobolomyces; 
these were Sp. roseu,s and a new species, Sp. alba, and were obtained from 
rusted wheat. The latter species differed from the other known members 
of the genus by the absence of any red coloring in the colonies; when 
grown on nutrient agar it was white first, then creamy white and finally 
sordid yellow. 
Derx (2) found that Sporobolomyces were rather widely distributed 
in nature, occurring in the dust of air, on the seed and straw of grains, on 
growing plants, and on decaying leaves. They were frequently found liv-
1 Journal Paper No. J391 of the Iowa Agricultural Experiment Station, Ames, Iowa. 
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ing in the sugary plant exudates resulting from physical or parasitic in-
jury. He studied 40 cultures which he divided into seven species of Sporo-
bolomyces and two of Bullera, a new genus created for the organisms 
showing no trace of red color. In addition to the three species of Sporo-
bolomyces described by Kluyver and van Niel (3) Derx recognized four 
new species, Sp. salmoneus, Sp. gracilis, Sp. albo-rubescens, and Sp. odor-
ous. The two species of the genus Bullera recognized were Bullera alba 
(Sp. alba of Bisby, Buller and Dearness) and B. grandispora. Derx found 
that variations, which are so persistent the variants may be considered as 
new species, sometimes occur suddenly, such as the loss of the ability to 
produce mucilage or the loss of color. He suggested that these variations 
are due to degeneration resulting from either the repeated transfer of 
only the projected cells as a means of conserving the purity of the culture, 
or the exhaustion of the projected cells in discharging secondary cells. 
METHODS 
The Sporobolomyces and Bullera cultures were isolated from acidu-
lated (pH 3.5) malt agar or potato dextrose agar plates; many of these 
had been used in studies on the numbers of bacteria, yeasts and molds 
falling from the air (4) while the others had been inoculated with various 
materials which might harbor the organisms, such as butter having high 
yeast counts, various defective dairy products, and infusions of leaf mold 
or grass. The Sporobolomyces and Bullera cultures were easily identified 
by inverting inoculated plates over sterile malt agar plates and then pick-
ing the colonies which developed from the discharged spores that fell on 
the lower plates; in some instances all the yeast colonies on a plate were 
streaked on a sterile malt agar plate which was then inverted over a sterile 
agar plate while in others the original plates were inverted. Tree leaves 
and fruit peeling were examined by partially imbedding them in agar in 
a petri plate and inverting over sterile malt agar. All the cultures were 
purified by inoculating them on malt agar plates, inverting these over 
other plates and finally picking well isolated colonies that developed from 
discharged spores. An incubation temperature of about 21° C. was regu-
larly used, except in the determination of the growth temperatures. 
In measuring the organism, the vegetative cells were obtained from 
cultures grown on malt agar slopes for 24 hours while the spores were 
obtained by streaking the cultures on malt agar plates, incubating the 
inverted plates until visible quantities of discharged spores were deposited 
on the covers, and then suspending the spores in sterile water; the organ-
isms were measured in aqueous suspension. Staining reactions were de-
termined on malt agar slope cultures grown for 24 hours and also on older 
cultures. Attempts to demonstrate the formation of ascospores were made 
by gram staining old malt agar cultures and cells held on gypsum blocks 
for various periods. 
Colony characteristics were observed with cultures grown on malt 
agar plates and slopes. Color production was characterized by comparing 
the colors produced on potato, and on slopes of malt agar and potato 
dextrose agar, with the color standard plates given by Ridgway (5). 
Assimilation of carbon compounds was determined in broth contain-
ing 2.0 per cent yeast extract, 0.0016 per cent brom cresol purple and 2.0 
per cent of a sugar or other carbon source, while assimilation of nitrogen 
compounds was determined in the medium employed by Kluyver and 
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van Niel (3); the inoculated tubes were observed after incubating 1, 2, 
4, 8 and 14 days. 
Growth temperatures were studied by streaking the cultures on malt 
agar plates, incubating at various temperatures and observing daily for 
evidence of growth. 
SOURCES OF THE ORGANISMS 
Of the 33 cultures of Sporobolomyces and Bullera isolated, 32 were 
obtained from malt agar plates that had been exposed to the air (3 being 
from plates exposed in a churn that had not been used for some time) and 
1 by plating fermented cream on acidified malt agar. The attempts to 
obtain the organisms from green and decaying leaves, grass, peelings from 
spoiled and sound apples and oranges, various defective dairy products 
and numerous samples of butter having high yeast counts were unsuc-
cessful. 
IDENTITY OF THE ORGANISMS 
On the basis of the morphological, cultural and biochemical charac-
ters, the 33 cultures were divided into four groups. Comparisons were 
then made with type cultures2 • 
Group 1 included 12 cultures, of which 11 were isolated from the air 
(3 from plates exposed in a churn) and 1 from fermented cream; the 
organisms were identified as Sp. salmonicolor, although minor variations 
were noted among the cultures. Six of the cultures were the same color as 
the type culture of this species and 6 were more red. On solid media, 2 
cultures were cartilaginous and powdery, like the type culture, and the 
other 10 were more slimy or mucilaginous. Six of the cultures gave 
abundant growth and 6 gave good growth on the medium containing alco-
hol as the carbon source but none of them developed an acid reaction as 
did the type culture. These differences are apparently not of enough im-
portance to warrant the creation of new species. 
Group 2 included 12 cultures, isolated from the air, which were iden-
tified as Sp. roseus. Minor differences were noted among the cultures and 
the characters of some of them suggested Sp. tenuis but, since the charac-
ters which have been used to distinguish between Sp. roseus and Sp. tenuis 
are apparently not stable, it appears that the organisms which have been 
designated Sp. tenuis should all be regarded as Sp. roseus. 
Group 3 included 3 cultures, isolated from the air, which apparently 
belong to a new species. The organism differs from the other species of 
Sporobolomyces studied in several characters but principally in the 
maximum growth temperature (about 34° C.)and in its failure to use 
potassium nitrate as a source of nitrogen. The organisms resembled Sp. 
roseus more closely than any of the other species studied and the name 
Sp. pararoseus is suggested for it. 
Group 4 included 6 cultures isolated from the air. The absence of 
any red color in the cultures and the size and shape of vegetative cells and 
discharged spores identified the organisms as B. alba. 
DESCRIPTION OF THE SPECIES 
The description of the new species, Sp. pararoseus, is presented and 
the description of B. alba is extended. 
•The type cultures were obtained from Dr. A. J. Kluyver, Delft, Holland. 
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Sporobolomyces pararoseus sp. nov. 
MORPHOLOGY 
Form and size. The vegetative cells were oval, the majority measur-
ing from 2.5 to 4.0 by 5.0 to 8.0 microns. The discharged spores were reni-
form and narrowed where attached to the sterigmata; the majority of the 
spores measured from 2.0 to 4.0 by 5.5 to 8.5 microns. 
Arrangement. The vegetative cells were usually lying free or with 
one bud attached. 
Staining reaction. Cells from young cultures were gram positive while 
in old cultures gram negative cells were also usually present. 
Spore formation. Formation of ascospores could not be demonstrated. 
A fairly abundant discharge of the reniform spores occurred within 24 
hours. 
CULTURAL CHARACTERISTICS 
Malt agar slope. Growth was smooth, shiny, mucilaginous and light 
jasper red at first, later becoming somewhat dull, slightly furrowed on the 
surface, butyrous in consistency, and light coral red. 
Whey agar slope. Growth was scant. 
Malt agar stab. Growth occurred principally at the surface. 
Malt agar plate colony. The colonies were round, smooth, raised, en-
tire and mucilaginous. Later the surface developed concentric furrows 
and became dull and slightly powdery. 
Gelatin stab. In plain or yeast extract gelatin scant growth and slight 
liquefaction occurred at the surface. 
Liquid media. Liquid media became turbid, then cleared, leaving a 
heavy sediment. A ring pellicle developed within 8 days. 
Potato. Growth was abundant, spreading, shiny and jasper red. 
Litmus milk. Litmus milk became alkaline followed by alkaline co-
agulation and partial digestion. After 56 days the upper one-half of the 
milk was digested leaving a clear, wine colored serum on top and an alka-
line curd at the bottom. 
Dunham's solution. Fair growth. 
Uschinsky's solution. Scant growth. 
BIOCHEMICAL FEATURES 
Fermenting power. As sources of carbon, glucose, levulose, sucrose, 
maltose, raffinose and mannitol were assimilated readiyl, galactose, inu-
lin, dextrin, starch, glycerol, salicin and alcohol less readily, while arabi-
nose, rhamnose and lactose were not assimilated. With the easily assimi-
lable compounds, acid was generally produced. 
Nitrogen assimilation. As sources of nitrogen, ammonium sulfate, 
acetamide, asparagin and peptone were readily assimilated while potas-
sium nitrate was not assimilated. 
GROWTH CONDITIONS 
Oxygen relationship. The organism grew well aerobically on vari-
ous media. 
Temperature relationship. The optimum growth temperature was 
about 27° C. and the maximum about 34° C. 
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Bullera alba 
MORPHOLOGY 
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Form and size. The vegetative cells were oval, the majority meas-
ured from 3.5 to 3.9 by 5.7 to 7.6 microns. The discharged spores were 
citriform and apiculated, the majority measuring from 3.6 to 5.0 by 5.7 to 
7.0 microns. 
Arrangement. The vegetative cells were usually lying free or with 
one bud attached. 
Staining reaction. Cells from young cultures were gram positive 
while in old cultures gram negative cells were commonly present. 
Spore formation. Formation of ascospores could not be demonstrated. 
An abundant discharge of the citriform spores occurred within 24 hours. 
CULTURAL CHARACTERISTICS 
Malt agar slope. Growth was smooth, shiny, mucilaginous and creamy 
white. Some of the cultures became dull, cartilaginous and wrinkled 
within 4 days while with others this change did not occur until later. All 
the cultures changed to a capucine buff color within 14 days. 
Whey agar slope. Growth was abundant. 
Malt agar stab. Growth occurred mainly at the surface. 
Malt agar plate colony. The young colonies were round, smooth, 
shiny, raised, entire, mucilaginous and creamy white. After 4 days the 
colonies of some of the cultures were dull, cartilaginous and wrinkled 
while the colonies of others remained mucilaginous for a considerable 
period. 
Gelatin stab. In plain or yeast extract gelatin growth was poor but 
there was considerable liquefaction at the surface after 30 days. 
Liquid media. Liquid media became turbid and then cleared, leaving 
a heavy sediment; a ring pellicle developed within 14 days. 
Potato. Growth was abundant, smooth, shiny, mucilaginous and 
creamy white after 2 days and later became wrinkled, dull, cartilaginous 
and capucine buff. 
Litmus milk. A slight acid reaction and a ring pellicle developed 
within 14 days and partial digestion was evident after 30 days. 
Dunham's solution. Fair growth. 
Uschinsky's solution. Scant growth. 
BIOCHEMICAL FEATURES 
Fermenting power. As sources of carbon, glucose, sucrose, maltose, 
lactose and raffinose were assimilated readily, arabinose, rhamnose, levu-
lose, galactose, inulin, dextrin and mannitol less readily, while gly-
cerol, starch, alcohol and salicin were not assimilated. An acid reactiol'l 
generally developed with the readily assimilable compounds. 
Nitrogen assimilation. As sources of nitrogen, peptone and asparagin 
were assimilated fairly well while ammonium sulfate, potassium nitrate 
and acetamide were only slightly assimilated. 
GROWTH CONDITIONS 
Oxygen relationship. The organism grew well aerobically on various 
media. 
Temperature relationship. The optimum growth temperature was 
about 21° C. and the maximum about 27° C. 
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GENERAL ACTION OF TiiE ORGANISMS ON DAIRY PRODUCTS 
The organisms grew well in litmus milk as indicated by heavy de-
posits of cells in the bottoms of the tubes; the Sporobolomyces cultures 
developed an alkaline reaction and slight digestion while B. alba produced 
a slight acid reaction and more extensive digestion; the changes occurred 
slowly. The isolation of only one culture of Sporobolomyces in numerous 
attempts with various dairy products suggests that the occurrence of these 
organisms in dairy products is unusual. The recovery of Sp. salmonicolor 
from the air in a churn that had stood idle for some time suggests the possi-
bility of high yeast counts in butter resulting from a churn contaminated 
with Sporobolomyces organisms. Contamination of butter might result 
also from the organisms growing on the ceiling and walls of a butter plant 
and the discharged spores falling into the pasteurized cream or on the 
butter and the equipment. 
Under ordinary conditions it appears that Sporobolomyces and Bullera 
organisms are unimportant in dairy products, either from the standpoint 
of numbers present or defects produced; the occasional occurrence of these 
organisms in dairy products is to be expected as a result of air contami-
nation. 
SUMMARY 
Twenty-seven cultures of Sporobolomyces and six of Bullera were iso-
lated and studied. Twenty-six of the Sporobolomyces were obtained from 
malt agar plates that had been exposed to the air (three being from plates 
exposed in a churn) and one from fermented cream. The six cultures of 
Bullera were obtained from malt agar plates that had been exposed to the 
air. Other materials examined such as leaves, grass, fruit peelings, various 
defective dairy products and butter having high yeast counts, failed to 
yield Sporobolomyces or Bullera organisms. 
The cultures included Sp. salmonicolor, Sp. roseus, B. alba, and a 
new species for which the name Sp. pararoseus is suggested. It appears 
that the organisms which have been designated Sp. tenuis should be in-
cluded in the species Sp. roseus. 
The Sporobolomyces and Bullera organisms are apparently unim-
portant in dairy products, either from the standpoint of the numbers 
present or the production of defects. 
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PLATE I 
Illustration of a mirror image produced by a Sporobolomyces culture. The left 
malt agar plate was inoculated and then inverted over the right plate for two days. 
The culture used was Sp. salmonicolor. 
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The saccharification of starch may be accomplished by certain diastase 
producing molds, malt, or by means of acid hydrolysis. Malt has proveii 
the most satisfactory saccharifying agent from the standpoint of high 
alcohol yields. Theoretically, on the basis of available sugars, acid hydro-
lysis should prove just as effective. 
The purpose of this investigation was to determine optimum condi-
tions for the acid hydrolysis of starch to fermentable sugars with subse-
quent experiments involving comparison of alcohol yields from acid 
hydrolyzed and malted grains. 
INFLUENCE OF TIME, PRESSURE AND ACID CONCENTRATION UPON 
SACCHARIFICATION OF STARCH OF VARIOUS GRAINS 
Each hydrolysis was carried out in a 300 cc. Erlenmeyer flask placed 
in a steam autoclave. Fifteen grams of grain were taken to 100 cc. of the 
HCl solution, the final volume after hydrolysis amounting to approxi-
mately 106 cc. In timing the period of hydrolysis, 10 minutes were al-
lowed after the steam was turned on to permit the contents of the flasks 
to reach the temperature to be maintained in the autoclave. This allow-
ance also included the time during which air was being driven from the 
autoclave. 
Reducing sugars were determined and calculated as glucose although 
it was recognized that this was not an absolute index to the actual amount 
of fermentable carbohydrates as other reducing substances may have 
been present. 
The following tables (1, 2, 3, 4) show the results obtained with the 
acid hydrolysis of wheat, corn, oats and barley, varying time, temperature 
and acid concentration. In each case HCl was the acid employed. 
FERMENTATION OF ACID HYDROLYZED GRAINS 
Having found the various times and pressures together with the 
corresponding acid concentrations giving the highest conversion of the 
starch into reducing sugars, fermentations were run in the different acid 
hydrolyzed media after adjusting the hydrolysate to a pH of 5 with NaOH. 
Alcohol determinations were run on 200 cc. samples of the fermented 
mash, distilling 100 cc. in volumetric flasks. Analyses were made by tak-
ing the specific gravities and converting these readings to the correspond-
ing alcohol concentrations. 
While approximately the same optimum reducing sugar concentra-
tions were obtained using high acid concentrations and low temperatures 
as with lower acid concentrations and higher temperatures, the alcohol 
1 Journal Paper No. J434 of the Iowa Agricultural Experiment Station, Ames, Iowa. 
Project 347. 
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TABLE 1. Influence of time, pressure and acid concentration upon the acid sacchari-
fication of wheat 
(Percentage dry grain in acid solution= 12.9) 
N. of HCl Yield glucose 
soln. (basis dry grain) 
Cooked 1h hr. Attn. pressure 
0.0 
0.15 14.9 
0.30 27.8 
0.45 46.1 
0.60 58.4 
0.75 61.0 
0.90 63.6 
1.25 69.8 
1.50 72.0 
2.00 72.0 
(Cooked 1 hr. Attn. pressure) 
0.0 
0.25 
0.50 
0.75 
1.00 
1.25 
2.75 
41.1 
63.5 
74.3 
74.6 
74.0 
70.5 
(Cooked 2 hrs. Attn. pressure) 
0.0 1.4 
0.1 16.0 
0.2 36.7 
0.3 56.8 
0.4 63.8 
0.5 70.7 
0.6 72.2 
03 7L6 
0.8 71.5 
0.9 75.1 
1.0 71.1 
N. of HCl 
soln. 
Yield glucose 
(basis dry grain) 
(Cooked 1 hr. 10 lbs. pressure) 
0.0 2.2 
0.1 40.1 
0.2 65.0 
0.3 70.5 
0.4 71.3 
0.6 71.3 
0.7 69.0 
0.8 71.2 
0.9 70.5 
1.0 69.8 
(Cooked 1 hr. 20 lbs. pressure) 
~O L4 
0.25 61.6 
0.50 72.9 
0.75 72.9 
1.0 73.2 
1.25 75.8 
1.50 73.2 
2.00 69.7 
2.75 69.7 
yields did not coincide in the same manner. In general, better alcohol 
yields were obtained using the lower acid concentrations and higher tem-
peratures over a longer period of time. As may be seen from the follow-
ing table (5), the best yields were obtained from oats, wheat and barley, 
using an acid concentration of 0.15 N. over a period of 2 hours at 25 lbs. 
pressure, or 0.1 N. HCl over a period of 3 hours at 25 lbs. pressure. 
The best yields of alcohol from corn were obtained using an acid con-
centration of 0.1 N., pressure, 25 lbs., and time, 2 or 3 hours; or an acid 
concentration of 0.105 N., pressure, 25 lbs., and a time of 5 hours. 
FERMENTATION OF MALTED GRAINS 
Malt is very efficient in the saccharification of starch containing grains. 
Optimum temperature for the malting of starch is said to be 55° C. and 
optimum pH, 5. In the series of experiments involving malting these con-
ditions were used. The starch was first gelatinized and then malt equal 
to 10 per cent of the weight of the grain was added. 
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TABLE 2. Influence of time, pressure and acid concentration upon the acid saccharifi-
cation of Iodent corn 
(Percentage dry corn in acid solution= 13.1) 
N. of HCl Yield glucose 
soln. (basis dry grain) 
(Cooked 1 hr. Atin. pressure) 
0.0 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 
1.2 
14.4 
30.6 
46.0 
59.5 
64.1 
65.0 
65.9 
74.4 
70.2 
(Cooked 1h hr. 20 lbs, pressure) 
0.05 17.7 
0.10 50.3 
0.20 78.5 
0.30 78.5 
0.50 78.5 
0.70 82.8 
0.90 82.1 
1.10 80.1 
N. of HCl 
soln. 
Yield glucose 
(basis dry grain) 
(Cooked 1 hr. 25 lbs. pressure) 
0.0 1.2 
0.03 15.8 
0.06 59.6 
0.10 76.4 
0.15 77.5 
0.20 80.5 
0.25 82.5 
0.30 80.5 
0.40 78.5 
(Cooked 2 hrs. 25 lbs. pressure) 
0.03 23.9 
0.06 75.8 
0.10 81.5 
0.15 80.0 
020 80.0 
0.25 78.2 
0.30 75.4 
0.40 73.5 
TABLE 3. Influence of time, pressure and acid concentration upon the acid saccharifi-
cation of oats 
(Percentage dry oats in acid soluti?n = 13.1) 
N. of HCl 
soln. 
Yield glucose 
(basis dry grain) 
(Cooked 1h hr. Atin. pressure) 
0.0 1.2 
0.1 1.5 
0.2 13.8 
0.3 22.3 
0.4 29.0 
0.5 31.8 
0.6 38.8 
0.8 45.3 
1.0 47.0 
1.2 57.5 
1.6 59.0 
2.0 59.0 
(Cooked 1 hr. Atin. pressure) 
0.1 8.1 
0.2 29.5 
0.3 37.0 
0.4 47.4 
0.5 51.5 
0.6 53.6 
0.8 58.6 
1.2 60.0 
1.6 60.0 
2.0 59.4 
N. of HCl 
soln. 
Yield glucose 
(basis dry grain) 
(Cooked 1 hr. 10 lbs. pressure) 
0.2 60.5 
0.4 61.8 
0.6 59.7 
0.8 58.6 
1.2 57.2 
1.6 49.4 
(Cooked 1h hr. 20 lbs. pressure) 
0.1 38.8 
0.3 64.0 
0.4 64.0 
0.5 63.5 
0.6 64.9 
0.8 62.8 
1.0 62.8 
1.2 61.2 
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TABLE 4. Influence of time, pressure and acid concentration upon the ut.-ia. saccharifi-
cation of barley 
(Percentage dry barley in acid solution= 13.2) 
N. of HCl 
soln. 
Yield glucose 
(basis dry grain) 
(Cooked 1 hr. Atrn. pressure) 
0.2 27.5 
0.3 41.4 
0.4 52.4 
0.5 56.0 
0.6 68.6 
0.7 69.5 
0.9 69.9 
1.0 69.9 
(Cooked 1 hr. 10 lbs. pressure) 
0.0 1.2 
0.2 47.4 
0.4 64.3 
0.6 73.7 
0.8 70.3 
1.0 75.4 
1.2 75.4 
1.4 73.2 
1.6 73.2 
1.8 70.0 
2.0 70.0 
N. of HCl 
soln. 
Yield glucose 
(basis dry grain) 
(Cooked 1h hr. 20 lbs. pressure) 
QO Q8 
0.2 58.4 
0.3 70.0 
0.4 72.3 
0.6 72.5 
0.8 75.0 
1.0 73.5 
(Cooked 1h hr. 20 lbs. pressure) 
Barley cone. = 8.62 
0.0 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.9 
1.0 
0.8 
72.2 
76.2 
76.2 
77.2 
75.7 
75.0 
71.8 
71.3 
Using the above conditions the rate of diastatic action was deter-
mined, showing that the major part of the conversion occurred in the first 
15 minutes after the malt infusion. Table 6 shows the maltose percentage 
at different times running up to 2 hours. If the malt is destroyed at this 
point the alcohol yield is decreased as certain of the more stable malto-
dextrins are acted upon throughout the fermentation. 
The method used for determination of alcohol yields from the malted 
grains was the same as that on the fermented acid hydrolyzed liquors. 
Table 7 gives the various alcohol yields obtained. 
Table 8 compares the optimum yields from the malted grains against 
those of the acid hydrolyzed mashes. 
The action of malt after a 2 hour period at 55° C. may be seen from 
the following experiment. After malting for 2 hours, 3 flasks of each grain 
were heated to destroy the diastase, the flasks were then inoculated with 
a yeast culture and allowed to ferment. Another set of fermentations was 
treated in identical manner except the diastase was not destroyed after 
malting. Destruction of the diastase by heating reduced the yield from 
29.8 per cent alcohol to 20.4 per cent, yields being calculated on the moist 
grain. 
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TABLE 5. Alcohol yields from various grains with acid hydrolysis 
Barley (Trebi) 
Time N. HCl added Alcohol yield 
(hrs.) Pressure to grain (basis dry grain) 
1 At.In. 1.0 19.1 
2 At.In. 1.0 19.8 
2 At.In. 1.0 20.8 
~ 20 lbs. 0.40 25.0 
2 25 lbs. 0.15 24.7 
3 25 lbs. 0.10 25.3 
2 25 lbs. o'.10 20.5 
2 25 lbs. 0.15 25.2 
4 25 lbs. 0.05 9.5 
5 25 lbs. 0.05 10.9 
Wheat 
1 At.In. 1.0 17.9 
1 Atm. 1.0 22.3 
~ 20 lbs. 0.4 24.8 
2 25 lbs. 0.15 25.2 
2 25 lbs. 0.15 26.0 
2 25 lbs. 0.10 22.3 
3 25 lbs. 0.10 25.8 
3 25 lbs. 0.05 14.6 
5 25 lbs. 0.05 15.5 
Oats 
1 Atm. 1.0 15.4 
2 At.In. 1.0 15.9 
2 At.In. 1.0 16.8 
~ 20 lbs. 0.4 17.9 
2 25 lbs. 0.15 11.3 
2 25 lbs. 0.15 17.7 
2 25 lbs. 0.10 14.2 
3 25 lbs. 0.10 17.9 
4 25 lbs. 0.05 3.3 
5 25 lbs. 0.05 2.9 
Corn (Iodent) 
1 Atm. 1.0 22.4 
2 Atm. 1.0 12.6 
2 Atm. 1.0 25.1 
~ 20 lbs. 0.2 17.2 
2 25 lbs. 0.15 29.7 
2 25 lbs. 0.10 28.8 
2 25 lbs. 0.10 30.7 
3 25 lbs. 0.10 30.6 
4 25 lbs. 0.05 27.4 
5 25 lbs. 0.05 29.7 
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TABLE 6. Malting time of corn 
Malting temperature----55° C. 
Cone. of corn-15 per cent. 
Cone. of malt-10 per cent (by wt. of corn) 
Time 
(min.) 
0 
5 
15 
25 
35 
60 
90 
120 
Reducing sugar 
as maltose 
3.0 
21.5 
35.0 
41.0 
43.3 
46.1 
48.4 
50.6 
*TABLE 7. Alcohol yields from -malted grains 
Per cent alcohol 
Grain (basis dry grain) Grain 
Per cent alcohol 
(basis dry grain) 
Wheat ............................................ 29.4 Krug corn .................................... 32.0 
Wheat .......................................... 28.0 "401" corn .................................... 31.5 
Iodent corn .................................. 34.4 "426" corn .................................... 27.0 
Iodent Corn ................................ 35.8 Barley .......................................... 24.1 
Iodent corn .......................... ........ 35.2 Oats ................................................ 22.5 
Iodent corn .................................. 34.3 Oats ................................................ 22.9 
Iodent corn .................................. 34.3 
• Different values for a given grain indicate more than one set of data. 
TABLE 8. Comparison of optimum yields of alcohol from 
variou.s grains u.sing acid and malt for saccharification 
Grain 
Corn 
Oats 
Barley 
Wheat 
Yield of alcohol (dry basis grain) 
Malt Acid 
saccharification saccharification 
34.0 
22.9 
24.1 
29.4 
SUMMARY AND CONCLUSIONS 
30.7 
17.9 
25.3 
26.0 
Optimum conditions were determined for the acid saccharification of 
various grains from the standpoint of final reducing sugar concentrations 
and resulting yields of alcohol from the fermented acid hydrolyzed liquors. 
Maximum alcohol yields were determined using both acid saccharifi-
cation and malting of the different grains, the latter giving the higher 
yields. 
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fermentation of xylose by, 373 
lactic acid, physiology of, 92 
propionic acid, 287 
Bacteriological studies on some defects of 
cream cheese spreads, 113 
Bacteriostatic effects, on test organisms, 
180 
Barley, acid saccharification of, 218 
Basal ration for coccidium-growth-pro-
moting substance, 311 
Belidae, 407 
Belostomatidae, family, 176 
Biological assay of feeding stuffs in a 
basal ration for coccidium-growth-pro-
moting substance, I. Procedure, yellow 
corn meal, oats, oat hulls, wheat, lin-
seed meal, meat scrap, 311 
Biological properties of 8-hydroxyfur-
ans, 66 
Birds, shore, fall migration of, 247 
Black-bellied plover, fall migration of, 
in Iowa, 248, 252 
Blissus iowensis, n. sp., description of, 165 
B. occiduus Barber, 165 
Blue cheese (roquefort type), flavor con-
stituent of, 281 
Brentidae, representatives of, in Iowa, 405 
Bromination, 116 
Bromination of fury! methyl ketone, The, 
221 
Bromofuryl methyl ketone, oxidation of, 
222 
Bullera alba, 211 
biochemical features of, 211 
cultural characteristics of, 211 
growth conditions of, 211 
morphology of, 211 
Bullera, genera, from standpoint of dairy 
products, 207 
Butter culture, method of using, 54 
Butter, flavor and keeping quality of, 54 
high scoring, manufacture of, 56 
type of culture of, 55 
Butyric acid-butyl alcohol bacteria, clas-
sification of, 39 
physiological studies of, 39 
Butyric acid, flavor of, in cheese, 284 
Butyl-acetonic fermentation, transforma-
tion of aliphatic acids in, 103 
Butyl alcohol, butyric acid-, bacteria, 
classification of, 39 
physiological studies of, 39 
2, 3 Butylene glycol, study of, and its de-
rivatives, 45 
Calves, dairy, gastric digestion of soybean 
flour when used as substitute for cows' 
milk in feeding, 105 
Caprylic acid, use of, in cheese making, 
281, 282 
Carbide, iron, graphitization of, 69 
heat capacity of, 26 
Carbohydrates, dissimilation of, by bac-
teria, 110 
dissimilation of, by the colon-areo-
genes bacteria, 97 
Carassius auratus (L.), 51 
Cellulose, decomposing organisms in the 
soil, 87 
Cells, mitotically dividing, of insect hemo-
lymph, 121 
Ceramic products as trickling filter me-
dia, 81 
Cereal straws, production of paper from, 
131 
Cereals, acid saccharified, alcohol yields 
from, 215 
Cheese, blue (roquefort type) flavor con-
stituent of, 281 
Cheese, cream, bacteriological studies on 
defects of spreads of, 113 
Cream cheese spreads, liquefaction in, 
114 
gas production in, 113 
Chemical analysis, quantitative, using a 
photon counter, 100 
INDEX 449 
Chemical transformation of alipahtic acids 
in the course of the butyl-acetonic 
fermentation, The, 103 
Chitomastix instabilis n, sp., description 
of, 48 
Chinch bug, undescribed, from Iowa, 165, 
Cimicidae, 174 
Citric acid, use of, in manufacture of 
butter, 56 
Clarion loam, content of, effect of treat-
ment on, 379 
C'lostridium acetobutylicum, 40 
C. amylobacter, 40 
C. Beijerinckii, 40 
C. butyricum, 40 
C. felsineum, 40 
C. Pa.steurianum, 40 
C. saccharobutyricum, 40 
C. welchii. 179 
Coccidium-growth-promoting substance, 
311 
Coccidian parasites, life cycles, 135 
Cockroach, toxicological investigation of 
nitcotine on, 51 
Codling moth populations, as affecting 
control experiments, 63 
Cod liver oil, effect of exposure to air on 
electrical resistance of, 339 
effect on photographic plates, 333 
electrical conductivity of, 333 
value of, for reproduction in rat, 107 
variation of resistance with tempera-
ture of, 336 
Colepismatophila watsonae Adams and 
Travis, 25 
Colon-aerogenes bacteria, dissimilation, of 
carbohydrates by, 97 
Colon-aerogenes group, fermentation of 
xylose by, 373 
Combustion engines, internal, 29 
Combustions of fungi yeast, method of 
effecting, 116 
Comparative study of the germicidal ac-
tivity of certain compounds, A, 177 
Compounds, furan, 75 
Compounds, organometallic, 84 
Conductance, specific, of pure liquid hy-
drogen sulphide, 35 
Conductivity, electrical, of cod liver oil, 
333 
Contact poisons, for insects, 73 
Contributions to the South Dakota list of 
Hemiptera, 169 
Coreidae, family, 171 
Coriscidae, family, 171 
Corizidae, family, 172 
Corn, acid saccharification of, 217 
continuous, effect of, on loam, 379 
malting time of, 220 
Cornstalk ammonia lignin, methylation 
of, 366 
Cornstalk lignin, oxidized, frl!ctionation 
of, 365 
Curculionidae, 407 
Cydnidae, family, 169 
Cysteochila javensis, sp. nov., description 
of, 400 
Dairy calves, substitute for cows' milk in 
feeding, 105 
Dairy products, genera Sporobolomyces 
and Bullera, from standpoint of, 207 
lipolytic microorganisms isolated from, 
79 
Decomposition of some humus-forming 
materials in soils, The, 87 
Defects of cheese spreads, bacteriological 
studies on, 113 
Degradation of five weighted silk fibroins 
by steam, 15 
Degradation, oxidative, of silk, 13 
Dielectric constant and the specific con-
ductance of pure liquid hydrogen sul-
phide, The, 35 
Dimethyl diglycollate, 66 
Discriminant function, use of, for differ-
entiating soils with Azotobacter popu-
lations, 323 
Dissimilation of carbohydrates by bac-
teria of the genus Aerobacillus, 110 
Dissimilation of carbohydrates by the 
colon-aerogenes bacteria, The, 97 
Dissimilation of pyruvic acid by the pro-
pionic acid bacteria, 287 
Distillates, petroleum, 29 
Eastern solitary sandpiper, fall migration 
of in Iowa, 249, 252 
Eberthella typhosa, 178, 181 
Effect of high frequency excitation upon 
the intensities of spectral lines, The, 32 
Effect of long continued treatment on or-
ganic matter, nitrogen and phosphorus 
content of Clarion loam. I. Continuous 
corn, 379 
Effect of phosphate fertilizers on soil re-
action, The, 94 
Effect of phosphate fertilizers on the re-
action of Grundy silt loam in green-
house experiments, The, 293 
Efficiencies of petrolum distillates as cool-
ing media for internal combustion en-
gines, 29 
Egestion time from large insects, meth-
ods for measuring, 253 
Eimeria miyairii, endogenous phases of 
life cycle of, 135, 149 
E. nieschulzi, endogenous phases of life 
cycle of, 135, 138 
E. nieschulzi, parasitic on gland cells of 
small intestine of wild brown rat, 311 
E. separata, endogenous phases of life 
cycle of, 135, 146 
Electric discharges, high frequency of, 32 
Electrical conductivity of cod liver oil, 
The, 333 
Electrical resistance, effect of exposure 
to air on, of cod liver oil, 339 
Electron-sharing ability of organic radi-
cals, The, 89 
450 INDEX 
End.amoeba marmotae, n. sp., description 
of, 49 
Endogenous phases of, the life cycles of 
Eimeria nieschulzi, E. sepa.rata and E. 
miyairii coccidian parasites of the rat, 
The, 135 
Engines, internal combustion, cooling 
media for, 29 
Escherichia-Aerobacter group of bac-
teria, 1 
Eschericia coli, 97 
E. coli, fermentation of glucose by, 373 
E. coli, phosphoglyceric acid formed by, 
1 
Excitation, high frequency, 32 
Fabricated materials, utilization of agri-
cultural wastes for, 131 
Fabrics, treatment of, with aqueous potas-
sium permanganate, 9 
treatment of, with hydrogen peroxide, 8 
Feasibility of ceramic products as trick-
ling filter media, 81 
Feeding stuffs, biological assay of, in basal 
ration for coccidium-growth-promoting 
substance, 311 
Fermentation, butyl-acetonic, 103 
of acid hydrolyzed grains, 215 
of xylose by the colon-aerogenes group 
of bacteria, The, 373 
phosphoglyceric acid in, 1, 2 
Fertility of soil, maintaining of, 379 
Fertilizers, effect of, on reaction of soil, 
293 
phosphate, effect of, on soil reaction, 94 
Fibers, libriform in sweet clover roots, 353 
Filter media, trickling, 81 
Firebrat, Thermobia domestica (Pack-
ard), and its gregarine parasites, The, 
23 
T. domestica, temperature preference 
of, 259 
Flavor constituent of blue cheese (roque-
fort type), A, 281 
Flour, soybean, use of, for feeding dairy 
calves, 105 
Foods, as sources of vitamins Band G, 107 
Fractionation of oxidized cornstalk lignin, 
365 
Furan compounds, oxidation for most 
types of, 228 
Furan methyl groups, oxidation of, 227 
Fury! methyl ketone, bromination of, 221 
dibromination of, 223 
Furan compounds, physiological action of 
some, 75 
Furan mercurials and derived types, 128, 
129 
Furan nucleus, orientation in, 128 
Furan nitro compounds, oxidation of, 228 
Furan, relative aromaticity of, 115 
Gastric digestion of soybean flour when 
used as a substitute for cows' milk in 
feeding dairy calves, 105 
Genera Sporobolomyces and Bullera from 
the standpoint of dairy products, The, 
207 
Germicidal activity of certain compounds, 
177 
Germicidal tests, on bacteria, 178 
Gerridae, family, 175 
Glucose, dissimilation of, 1, 2 
dissimilation of, by known cultures, 92 
Glycerol, 46 
Glycol, 2, 3 butylene, study of, 45 
Glycolysis, muscle, 93 
Glyoxal, 66 
Golden plover, fall migration of, in Iowa, 
252 
Gold fish, toxicological investigation of 
nicotine on, 51 
Goose Lake, Hamilton County, Iowa, shore 
birds at, 247 
Graphitization, of iron carbide, 69 
Greater yellow-legs, fall migration of, in 
Iowa, 249, 252 
Gregarine parasites, 23 
Growth and reproduction in the rat, 107 
Grundy silt loam, effect of phosphtae fer-
tilizers on, 293 
Heat capacity of iron carbide, The, 26 
Heat of formation of iron carbide, 71 
Heavy water, determination of, in beef 
tissue, 116 
Hebridae, family, 175 
Heliothis obsoleta Fab., 60 
Hemiptera, contributions to South Dakota 
list of, 169 
Hemolymph, insect, studies on, 121 
High frequency electric discharges, 32 
Humus-forming materials in soils, 87 
Hydrogen, heavy, in some naturally oc-
curring organic compounds and mix-
tures, 115 
Hydrogen sulphide, liquid, dielectric con-
stant and specific conductance of, 35 
Hydrogen sulphi_de, production of, 35 
Hydrolysis, natural fat technic, 347 
8-Hydroxyfurans and some of their bio-
logical properties, 66 
0 -Hydroxyphenylmercuric chloride, com-
position of, 177 
Hyperparasitism, 49 
Influence of various procedures on the 
flavor and keeping quality of butter, 
The, 54 
Insect hemolymph, studies on, 121 
Insecticides, 57 
Insects, compounds toxic to, 60 
Insects, large, methods for measuring 
egestion time of, 253 
Internal combustion engines, cooling 
media for, 29 
Investigation of codling moth populations 
as they affect control experiments, 63 
INDEX 451 
Investigation of the penetration of pyri-
dine, piperidine and nicotine into the 
bodies of insects, An, 60 
Investigation of types or strains of the 
mosaic virus of sugar cane in Louisiana, 
An, 118 
Iowa, Hamilton County, migration of 
shore birds, 247 
June beetles, in, 267 
Rhynchophora of, with distributional 
data, 405 
soils, phosphorus in, 231 
undescribed chinch bug from, 165 
Iron carbide, graphitization of, 69 
heat capacity of, 26 
June beetles in Iowa, studies on, 267 
Ketone, furyl methyl, bromination of, 221 
Lactic acid bacteria, physiology of, 92 
Lespismatophila thermobiae Adams and 
Travis, 25 
Lesser yellow-legs, fall migration of, in 
Iowa, 250, 252 
Levulose, dissimilation of, by known cul-
tures, 92 
Libriform fibers in the roots of sweet clo-
vr, Melilotus alba Desr., 353 
Libriform fibers of sweet clover, during 
first and second seasons, 355, 358 
structure, 356 
reaction of walls, to histological stains, 
357 
Life cycles of coccidian parasites, 135 
Lignin, cornstalk, 365 
Lime, influence of on Grundy silt loam, 
297, 299 
Limestone, addition of, to soil, 379 
Linseed meal, assay of, 318 
Lipolysis, detection of, methods for, 343 
Lipolytic microorganisms isolated from 
dairy products, 79 
Lipolytic organisms, 347 
Liquid hydrogen sulphide, specific con-
ductance of, 35 
Loam, Clarion, effect of continued treat-
ment on, 379 
Grundy silt, effect of phosphate fertil- ' 
izers on the reaction of, 293 
Lygaeidae, family, 172 
Malt, as saccharifying agent, 215, 216 
Marmota monax L. (woodchuck), para-
sites of, special reference to protozoa, 
48 
Marshes, Wisconsin drift, in Iowa, 247 
Meat and bone meal, assay of, 319 
Media, cooling, petroleum distillates as, 29 
trickling filter, 81 
Melilotus allra Desr., libriform fibers in 
roots of, 353 
Mercurials, furan, and derived types, 128 
Mesoveliidae, family, 175 
Metabolism studies, 68 
Methods for measuring egestion time from 
large insects, 253 
Method:; for the detection of lipolysis by 
microorganisms, 343 
Method of penetration, formation of stylet 
sheaths and source of food supply of 
aphids, 185 
Method of quantitative chemical analysis 
using a photon counter, A, 100 
Methylglyoxal, 93 
Methyl-n-amyl ketone, flavor constituent 
in cheese, 284 
Microorganisms, detection of lipolysis by, 
343 
lipolytic isolated from dairy products, 
79 
Migration of shore birds at Goose Lake, 
Hamilton County, Iowa, during the fall 
of 1936, 247 
Miridae, family, 175 
Mitotically dividing cells, factors influ-
encing, 121 
Monanthia seorsa, sp. nov., description 
of, 398 
M. seorsa inflata, n. var., description 
of, 398 
M. sessoris, sp. nov., description of, 398 
M. uichancoi, sp. nov., description of, 
399 
Monobromination of fury! methyl ketone, 
221 
Monohydric alcohols, 46 
Mosaic virus of sugar cane, investigation 
of types or strains of, 118 
Moth, codling, populations of, 63 
Myzus persicae, 186, 190 
Nabidae, family, 174 
Naucoridae, family, 176 
Neididae, family, 172 
Nepidae, family, 176 
Nicotine, toxicological investigation of, on 
goldfish and cockroach, 51 
use of, as toxic compound to insects, 60 
Nile blue sulfate technic, 344 
Nitration, 116 
5-Nitrofuryl methyl ketone, 224 
Nitrogen content, Clarion loam, 379 
of Iowa soils, 324 
Nitro-phenols, toxicity of, as stomach 
poisons for insects, 73 
Notonectidae, family, 176 
Oats, acid saccharification of, 217 
hulled, assay of, 315 
Oceania, Tingitidae from, 397 
Oil, cod liver, electrical conductivity of, 
333 
On the penetration of certain arsenical 
compounds into the body of the Ameri-
can cockroach, Periplaneta americana 
(L.), 57 
Oocysts, number eliminated, during coc-
cidian infection, 319 
452 INDEX 
Organic compounds, heavy hydrogen in, 
115 
value of, as poisons for certain insects, 
72 
Organic matter, content of Clarion loam, 
389, 391 
Organic radicals, electron-sharing abil-
ity of, 87 
Organisms, isolated from dairy products, 
identification and classification of, 79 
Organometallic compounds, reactivities 
of, 84 
Oxidation of furan methyl groups, The, 
227 
Oxidation of w-bromofuryl methyl ke-
tone, 222 
Oxidative degradation of silk, 5 
Oxidized cornstalk lignin, fractionation 
of, 365 
Paper, production of, from cereal straws, 
131 
Parasites, animal, of woodchuck, 48 
gregarine, of firebrat, 23 
life cycles, 135 
Parasitology, 135 
Penetration of cetrain arsenical com-
pounds into the body of the American 
cockroach, Periplanta americana (.L), 
57 
Penetration of food supply of aphids, 185 
Penetration of toxic compounds into 
bodies of insects, 60 
Penicillium roqueforti, flavor in cheese, 
281 
Pentatomidae, family, 170 
Pentoses, fermentation of, 373 
Periplaneta americana, 256 
P . americana (L.), penetration of ar-
senical compounds into body of, 57 
Perissonemia tasmaniae, sp. nov., descrip-
tion of, 402 
P. vegata, sp. nov., description of, 401 
Petroleum distillates, cooling media for 
internal combustion engines, 29 
Phenol coefficient, 178 
Phenol derivatives, 177 
Phosphate content, of Iowa soils, 326 
pH, use of, in distinguishing Iowa soils 
containing Azotobacter, 324 
Phosphate fertilizers, effect on soil re-
action, 94 
effect on, on reaction of Grundy silt 
loam, 293 
Phosphoglyceric acid, 93 
isolation of, 376 
role of, in dissimilation of glucose by 
bacteria, 1 
Phosphorus, availability of, in Iowa soils, 
231 
Phosphorus content, Clarion loam, 379 
Phosphorylation, 377 
Photon counter, use of in method of quan-
titative chemical analysis, 100 
Phyllophaga hirticula, distribution in 
Iowa, 275, 279 
P. implicita, distribution in Iowa, 275, 
279 
P. rugosa, distribution in Iowa, 275, 279 
Phyllophaga, study of, species in Iowa 
268 
Phymatidae, family, 174 
Physiologica laction of some furan com-
pounds, The, 75 
Physiological studies and classification of 
the butyric acid-butyl alcohol bac-
teria, 39 
Physiology of the lactic acid bacteria, 92 
Piesmidae, family, 173 
Piperidine, use of, as toxic compound, 60 
Plant growth, effect on, of rock phosphate, 
94 
Plasm, influence of on bacteriostasis, 183 
Platystomidae, 406 
Poisons, stomach, toxicity of, to June 
beetles, 277 
value of organic compounds as, for in-
sects, 72 
Production of paper from cereal straws, 
I. The, 
II. The utilization of agricultural 
wastes for production of miscellaneous 
fabricated materials, 131 
Propionibacte_rium arabinosum, dissimi-
lation of pyruvic acid by, 290 
Propionic acid bacteria, dissimilation of 
pyruvic acid, 287 
Proteolytic organisms, 347 
Protozoan parasites of woodchuck (Mar-
mota monax), 48 
Pyridine, use of as toxic compound, 60 
Pyrrolidines, resolution of alpha-substi-
tuted, 42 
Pyruvic acid, 376 
dissimilation of by propionic acid bac-
teria, 287 
Quantitative chemical analysis, method 
of, 100 
Raschig rings, cost of manufacture of, 83 
Rat, coccidian parasites of, 135 
reproduction and growth in, studies 
on, 107 
Reactivities, relative, or some organome-
tallic compounds, 84 
Reduviidae, family, 174 
Relative aromaticity of furan, I. The 
II. Heavy hydrogen in some naturally 
occurring organic compounds and mix-
tures, 115 
Relative activities of some organome-
tallic compounds, The, 84 
Reproduction, studies on, in rat, 107 
Resolution of alpha-substituted pyrroli-
dines, The, 42 
Respiration of Rhizobium, factors influ-
encing growth and, 125 
INDEX 453 
Rhizobia, continuous culture of, in syn-
thetic media, 126 
Rhizobium, factors influencing growth 
and respiration of, 125 
Rhynchophora of Iowa, The, 405 
Rock phosphate, influence of on Grundy 
silt loam, 297 
Role of phosphoglyceric acid in the dis-
similation of glucose by bacteria of the 
Eschericia-Aerobacter group, 1 
Roots of sweet clover, libriform fibers in, 
353, 355 
Roquefort type, blue cheese, flavor con-
stituent of, 281 
Rotary power, quantitative connection 
between, and chemical constitution, 42 
Saccharified, acid, cereals, alcohol yields 
from, 215 
Saldidae, family, 175 
Scolytidae, 442 
Scutelleridae, family of, 169 
Semipalmated plover, fall migration of, 
in Iowa, 247, 252 
Semipalmated sandpiper, fall migration 
of, in Iowa, 251, 252 
Setae, course of, through plant tissue, 186, 
187 
Sheaths, stylet formation of, and food sup-
ply of aphids, 185, 188 
Shore birds, migration of in Hamilton 
County, Iowa, fall, 1936, 247 
Silk fibroins, degradation of, by steam, 15 
Silk, oxidative degradation of, 5 
Silt loam, Grundy, effect of phosphate 
fertilizers on reaction of, 293 
Sodium phosphate, influence of on Grundy 
silt loam, 297 
Soil, effect of fertilizers on, 293 
maintaining fertility of, 379 
Soil reaction, effect of phosphate fertil-
izers on, 94 
Soils, decomposition of humus-forming 
materials in, 87 
Iowa, availability of phosphorus in, 231 
use of discriminant function for, with 
Azotobacter populations, 323 
Some factors influencing the growth and 
respiration of Rhiobium, 125 
Some Tingitidae (Hemiptera) fr o m 
Oceania, 397 
South Dakota, Hemiptera from, 169 
Soybean flour, gastric digestion of, in 
feeding calves, 105 
Spectral lines, effect of high frequency 
excitations upon the intensities of, 32 
Spectrum analysis, 100 
Sporobolomyces, genera, from standpoint 
of dairy products, 207 
SpO'Tobolomyces pararoseu,s sp. nov., bio-
chemical features, 210 
cultural characteristics, 210 
growth conditions, 210 
morphology, 210 
S.roseus, 212 
S. salmonicolO'T, 209, 212 
S. tenuis, 212 
Spotted sandpiper, fall migration of, in 
Iowa, 249, 252 
Sprays, for control of codling moth, 64 
Staphylococcus aureus, 178,181 
Starch, saccharification of, 215 
Steam, degradation of silk fibroins by, 15 
Steel, iron carbide in, heat capacity of, 28 
Stomach poisons, for insects, 73 
Strains of mosaic virus, 118 
Straws, cereal, production of paper from, 
131 
Streptococcus veridans, 179 
Studies on brood A June beetles in Iowa, 
267 
Studies on insect hemolymph with spe-
cial reference to some factors influenc-
ing mitotically dividing cells, 121 
Studies on the growth and reproduction 
in the rat. (1) The value of different 
cod liver oil oils for reproduction. (2) 
The value of certain individual foods as 
sources of vitamins B and G for growth, 
reproduction and lactation, 107 
Study of 2, 3 butylene glycol and its de-
rivatives, A, 45 
Study of germicidal activity of certain 
compounds, 177 
Study of the graphitization of iron car-
ide, A, 69 
Study of some lipolytic microorganisms 
isolated from dairy products, A, 78 
Stylet sheaths, formation of, of aphids, 
185, 188 
Succinic acid, 99, 376 
Sugar cane, mosaic virus of, 118 
Sulfonation, 116 
Sweet clover, libriform roots of, 353 
Temperature preference of the firebrat, 
Thermobia domestica (Packard) (Thy-
sanura), 259 
Terpene amines, ionization constants of, 
89 
Terpenes and related compounds, The, 
89 
Thermobia domestica, firebrat, tempera-
ture preference of, 259 
T. domestica, methods of observation 
in rearing, 23 
T. domestica (Packard), and its grega-
rine parasites, 23 . 
Thermotropometer, designed for firebrat, 
259 
Thyreocoridae, family, 170 
Tingidae, family, 173 
Tingitidae (Hemiptera) from Oceania, 
397 
Tingitidae, types of, in Drake collection, 
397 
Toxic, compounds, penetration of, into 
bodies of insects, 60 
Toxicity of stomach poisons for insects, 
73 
454 INDEX 
Toxicity of stomach poisons to June 
beetles, 276, 277 
Toxicological investigation of nicotine on 
the goldfish and the cockroach, A, 51 
Tributyrin, 347 
Triglyceride technic, 346, 347 
Tripropionin, hydrolysis of, 347 
Two methods for measuring egestion time 
from large insects, 253 
Types o.f mosaic virus, 118 
Undescribed chinch bug from Iowa, An, 
165 
Use of a discriminant function for differ-
entiating soils with different Azotobac-
ter populations, 323 
Utilization of agricultural wastes for pro-
duction of miscellaneous fabricated 
materials, 131 
Value of several organic compounds as 
contact and stomach poisons for cer-
tain insects, The, 72 
Veliidae, family, 175 
Virus, mosaic, in sugar cane, 118 
Vitamins B and G, value of foods for, 107 
Water, heavy,.116 
Weighted silk fibroins, degradation by 
steam of, 15 
Wheat, acid saccharification of, 216 
whole, assay of, 317 
White-rumped sandpiper, fall migration 
of, in Iowa, 250, 252 
Wilson snipe, fall migration of, in Iowa, 
249, 252 
Wisconsin drift marshes, Goose Lake, 
Hamilton County, Iowa, typical of, 247 
Woodchuck, animal parasites of, with 
special r.eference to protozoa, 48 
Xylose, fermentation of, 373 
Yellow corn meal, assay of, 314 
